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ABSTRACT

A surficial materials classification system has been
designed to fit the needs of a geologist in mapping and
classifying surficial materials.

The system developed

in this study is intended primarily for analysis of
surficial materials where time-stratigraphic markers are
not applicable or recognized.

Primary classification is

based on fabric and mode of origin supplemented by data
on engineering and pedologic properties.
Several types of classification systems presently
exist for use in soil investigations.

Only three of

these systems have found widespread acceptance, two serving
the engineering profession and the other the needs of the
soil scientist.

These systems are not intended for, and

do not directly assist, geologic studies of surficial mate
rials.

The restricted nature of these existing classifica

tion systems has left the geologic profession without a
standardized system for study of one of the most widespread
materials on the earth, surficial materials.
The classification system proposed in this study has
been tested successfully in several portions of southern
Missouri.

Surficial materials in the test areas include

loess, colluvium, alluvium, and residuum.

The residuum is
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derived from sandstone, shale, dolomite, and limestone.
Surficial materials are grouped into categories
according to particle size, shape, and percentage of
occurrence.

The categories are separated into units

according to engineering and pedologic properties modified
by mode of occurrence and fabric of the deposit.

The surfi

cial material unit is the basic unit for field mapping.
The surficial material units have been designed so
as to include eight different types of surficial material
that can be found within any one of nine different surfi
cial material categories.
Land use applications are illustrated according to
degrees of expected site operations severity relative to
surficial material and parent material properties.

While

the judgement as to the degree of severity may vary, the
procedure used in this study permits weighing the effects
of both parent materials and surficial materials on the
proposed land use.

iv

ACKNOWLEDGEMENTS

It would not have been possible to have accomplished
this study without the support of the Missouri State
Geological Survey and the encouragement of Dr. Wallace B.
Howe, State Geologist.

It has been a long-term goal of

Dr. Howe to develop a map of the surficial deposits of
Missouri.

His encouragement of this work as a contribution

to that achievement is gratefully acknowledged.
Early mapping in the initial phases of this investiga
tion was frustrated by the lack of a standardized classifi
cation system of surficial materials.

Dr. James C. Maxwell,

who served as advisor for this study, patiently aided in the
development of the classification system.

His efforts to

see that simplicity and uniformity were achieved in a surfi
cial material classification system designed for regional
field studies are deeply appreciated.
Members of the Applied Engineering and Urban Geology
Section of the Missouri State Geological Survey, Messrs.
Tom Dean, Bill Whitfield, Chris Stohr, and Mrs. Dorothy
Hardesty, assumed an extra workload for many months to pro
vide needed time, as well as suggestions important in this
study.

The laboratory analysis work of Mr. Ervin Happel

must be recognized as an essential part of this investigation.

V

Special thanks are due to Mr. Douglas Stark and his staff,
George Miller, Billy Ross, and Randy Rinehart, in format
suggestions and drafting of maps and legends.
Mrs. Beverly Bramel greatly aided in manuscript format
layout, and typing drafts throughout the study.

Her under

standing of the study eased the problems that might normally
be expected during the final typing phase.
Lastly, the study would have never begun, much less
been completed, without the encouragement of my wife,
Marilyn.

She and members of my family and friends,

especially my daughter Lynn, my mother, and Mr. Artie Manley,
assumed the burden of extra work and responsibilities to
allow time for research and study.

vi

TABLE OF CONTENTS

Page
ABSTRACT.............................................

ii

ACKNOWLEDGEMENTS.....................................

iv

LIST OF ILLUSTRATIONS„................................

xi

LIST OF TABLES........................................ xiv
LIST OF PLATES........................................

xv

I. PURPOSE.......................................

1

II. INTRODUCTION...................................

4

III. REVIEW OF LITERATURE............. ............

10

IV. STRUCTURE OF THE SURFICIAL MATERIALS
CLASSIFICATION (SUMAC) SYSTEM.... .............

32

A . Background...............................

32

B.

43

C.

Classification Structure..............
1.

Parent MaterialGroups...............

45

2.

Categories................

50

3.

Units..............................

51

Fabric............................

V. LAND USE RELATIONSHIPS.........................
A.

52
63

Limitation Ratings..............

64

B . Summary.............................

72

VI. PHYSICAL SETTING AND PROCEDURESUSED FOR
ANALYSIS OF MAPPED AREAS......................
A.

Location...........................

75
75

vii

Page

VII.

VIII.

B.

Physical Setting.........................

75

C.

Procedures...............................

76

APPLICATION OF CLASSIFICATION SYSTEM............

82

A.

Introduction....................

82

B.

Location.................................

84

C.

Physical Setting.........................

86

D.

Description of SurficialMaterials.........

93

1.

Alluvial Deposits...................

94

2.

Salem Plateau Uplands................ 107

3.

Salem Plateau Escarpment............. 114

E.

Discussion of Classification Procedures.... 118

F.

Land Use.................................

129

1.

Methods.............................

129

2.

Limitations.........................

132

3.

Illustration........................

133

CONCLUSIONS.................

135

RECOMMENDATIONS................................

141

BIBLIOGRAPHY..........................................

145

IX.

VITA.................................................. 158
APPENDICES
A.

CLASSIFICATION AND PARAMETERS OF SURFICIAL
MATERIAL CATEGORIES AND UNITS.............
1.

Introduction

161
161

viii

Page
2. Correlations of SUMAC with
Unified, AASHO, and USDA
Classification Systems.............. 166
B.

C.

FIELD AND LABORATORY PROCEDURES AND DATA... 179
1.

Field Procedures.........

179

2.

Laboratory Procedures..............<, 185

ROLLA QUADRANGLE - SALEM AND SPRINGFIELD
PLATEAUS, PHELPS COUNTY, MISSOURI......... 195
1.

Location and Physical Setting.......

195

2.

Little Piney Watershed..............

207

a.

General Description.............

207

(1)

Slope Deposits.............

208

(2)

Alluvial Deposits..........

210

b.

3.

(1)

Slope Deposits.............

212

(2)

Alluvial Deposits..........

214

Camp Creek Watershed................

215

a.

General Description.............

215

(1)

Slope Deposits.............

217

(2)

Alluvial Deposits..........

219

b.
4.

Engineering Geology Implications. 212

Engineering Geology Implications. 220

Wildcat Branch and Other Northward
Draining Watersheds West of U.S.
Highway 63.........................

222

a.

222

General Description..............

ix

Page

b.
5.

222

(2)

Alluvial Deposits..........

223

Engineering Geology Implications. 224

225

a.

General Description.............

225

(1)

Slope Deposits.............

226

(2)

Alluvial Deposits..........

228

Engineering Geology Implications. 228

Salem Plateau Uplands and Adjoining
Ridges...............

231

a.

General Description.............

231

(1)

Upland Deposits............

231

(2)

Alluvial Deposits..........

235

b.
D.

Slope Deposits.............

Spring Creek Watershed, U.S.
Highway 63 and East.................

b.
6.

(1)

Engineering Geology Implications. 236

CUBA QUADRANGLE - SALEM PLATEAU,
CRAWFORD COUNTY, MISSOURI...... ........... 239
1.

Mapping Procedures..................

239

2.

Physical Setting and Location.......

240

3.

Ridges and Valleys, Southern Portion. 244

4.

a.

General Description.............

244

b.

Engineering Geology Implications. 252

Salem Plateau Uplands of the
Northern Portion....................

254

a.

254

General Description..............

X

Page

b.
E.

F.

Engineering Geology Implications. 267

BROOKLINE QUADRANGLE - SPRINGFIELD
PLATEAU, GREENE COUNTY, MISSOURI..........

270

1.

Location and Physical Setting.......

270

2.

Limestone Residual Deposits.........

271

3.

Sandstone Residual Deposits.........

282

4.

Colluvial Deposits................... 285

5.

Alluvial Deposits....................

CAPE GIRARDEAU QUADRANGLE - SALEM
PLATEAU, OZARK PLATEAUS PROVINCE, AND THE
MISSISSIPPI ALLUVIAL PLAIN, COASTAL PLAIN
PROVINCE, CAPE GIRARDEAU, MISSOURI........

294

302

1.

Location and Physical Setting.......

302

2.

Application of the SUMAC System.....

306

3.

Description of Surficial Materials... 308
a.

Alluvial Deposits...............
(1)

(2)

Thickness Greater Than
20 Feet..........

308

308

Thickness 5 to 20 Feet,
Including Terrace Deposits.. 309

b.

Modified Loess, Uplands.........

311

Co

Colluvial Deposits, Slopes......

311

xi

LIST OF ILLUSTRATIONS
Figures

1.

2.

3.

4.

5.

6.

7.

8.

9.

Page

Relict bedrock structure of SUMAC unit RD-43 as
exposed in a collapsed sinkhole. The parent
bedrock is the Roubidoux Formation.................

53

A poorly sorted deposit of SUMAC unit DD-44 derived
from weathering of a sandy dolomite. The hillslope
setting is representative of the mode of
occurrence..........................................

54

A well-sorted deposit of alluvial surficial
material, SUMAC unit AX-12, as exposed in the
stream bank of a gaining (effluent) valley.........

56

A poorly sorted mixture of surficial material,
SUMAC unit AX-44, exposed in the stream bank of a
losing (influent) valley............................

57

Highly plastic clay, SUMAC unit AX-11, underlies
this landfill and acts as a barrier to downward
percolation of water. However, necessary machinery
movement is hindered by the water saturated
condition...........................................

70

Road cut stability in angular gravel having a
silty clay matrix, SUMAC unit LT-42, illustrates a
common performance characteristic of excavated
slopes in this type ofsurficialmaterial.............

71

High seepage rates common to SUMAC unit LL-13
accelerated roof collapse of small cave.............

73

Map of surficial materials in a part of the Vienna
Quadrangle, Missouri................................

83

Diagrammatic cross section oriented east-west to
show surficial material and bedrock relationships
of the Salem Plateau Uplands and escarpment,
northeastern part of the Vienna Quadrangle,
Missouri.............................................

85

xii

Figures

10.

11.

12.

B.l.

B. 2.

Page

Aerial view, Salem Plateau Uplands, escarpment,
and the ridge and valley terrain of the Gasconade
River watershed toward the west. The setting is
north of the Rolla National Airport in the north
eastern part of the Vienna Quadrangle, Missouri..

88

Diagrammatic cross section oriented north-south
to show surficial material and bedrock relation
ships of the Salem Plateau Uplands, northeastern
part of the Vienna Quadrangle, Missouri.........

91

Land use map constructed on the basis of data in
Table III to illustrate properties and relation
ships of surficial material and bedrock on
sanitary landfill operations...............

131

Drive tube sampler used to obtain soil samples
for laboratory testing......

183

Soil sample as bagged to retain moisture for
laboratory testing................... ...........

184

C. l.

Aerial view of a losing valley (influent stream)
at the western edge of the Salem Plateau Uplands,
Rolla Quadrangle, Missouri........ „..... ........ 201

C.2.

Diagrammatic cross section of surficial material
and bedrock relationships between the Salem
Plateau Uplands, the escarpment, and the adjoining
ridges toward the west. The diagram is oriented
in a southwesterly direction from the vicinity of
Rolla toward Beaver Creek, Rolla Quadrangle,
Missouri......................................... 202

E.l.

Photograph of SUMAC units FX-65/LL-13 showing
relationship of surface stone concentration
and underlying surficial material of residual
clay having the fabric of relict bedrock
structure, southeastern part of the Brookline
Quadrangle, Missouri..... ............. ......

274

xiii

Figures

Page

E.2.

Limestone pinnacles as formed in bedrock overlain by SUMAC unit LL-13. The sharp soilbedrock contact is typical of these deposits
in southwestern Missouri, Brookline Quadrangle,
Missouri............ .......................... .. 280

E. 3.

Cave formed at contact of SUMAC units VX-24/
LL-13 where colluvial deposits have filled a
preexisting sinkhole. The red clay residual
from the underlying limestone has a concentra
tion of chert layers as remnants of bedding
preserved from the parent bedrock, Brookline
Quadrangle, Missouri..... ........... ........

288

Poorly consolidated sand and gravel deposits
of the Holly Springs Formation, Eocene, showing
evidence of fault movement, Cape Girardeau
Quadrangle, Missouri.... ........... ........... .

305

Sampling tube driven into a residual soil
derived from limestone, Cape Girardeau
Quadrangle, Missouri...... ......................

307

F. l.

F.2.

xiv

LIST OF TABLES

Tables

Page

I.

Comparison of Particle Size Classifications....

35

II.

Outline of Surficial Materials
Classification System............... ..........

49

Land Use Limitations of Parent Materials
and Surficial Material Categories and Units
Based on Physical Properties..................

65

III.

A. I. Parent Material Classifications................ 162
A.II.
A.III.

B . I.

Surficial Material Categories and Units.......

163

Examples of Correlations of SUMAC
Combinations with Unified, AASHO
and USDA Ratings.................... ........... 178
Laboratory and Field Analyses Data of
Surficial Material Categories and Units.......

188

XV

PLATES (inside back cover)
1.

Surficial materials map of the Rolla Quadrangle,
Phelps County, Missouri.

2.

Surficial materials map of the Cuba Quadrangle,
Crawford County, Missouri.

3.

Surficial materials map of the Brookline Quadrangle,
Greene County, Missouri.

4.

Surficial materials map of the Cape Girardeau
Quadrangle, Cape Girardeau County, Missouri.

1

I.

PURPOSE

The study of geology involves the investigation of
terrestrial materials and events.

To understand the dynamic

processes involved, it is necessary to establish relation
ships and sequences of these materials and events.

A geo

logic map of bedrock formations portrays such relationships
and sequences.

Through years of effort, general uniformity

has been established in the classification of bedrock units
so that geologic maps show the relationship, sequence, and
distribution of bedrock in a consistent manner.
Uniformity in the classification and mapping of surfi
cial materials has been difficult to achieve due to their
complexity and variability.

As a result, a wide variety of

classification methods have been devised.

This hinders the

attempt to develop an understanding of regional distribution
and relationships of surficial materials.

Further, it hin

ders potential applications of surficial materials studies.
The purpose of this study is to develop a classifica
tion system that will provide a uniform basis for mapping and
description of surficial materials.

To achieve this aim,

it is necessary that the classification remain applicable
from region to region.

At the same time, it is necessary

that geologic processes be accounted for; otherwise, the
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logic of relationship, origin, and distribution of surficial
materials could be lost.
Mapping of surficial materials was started early in
this study.

Several areas were mapped to aid in the develop

ment of the surficial materials classification system.
Mapping was carried on throughout the study to refine and
test the system.
Although it is necessary to use physical properties as
a basis to maintain consistency in the classification system,
localized changes of surficial materials, such as caused by
local landscape variations, can result in a multitude of
differences in physical properties.

To maintain simplicity

in mapping and classification, geologic mode of origin is
considered in the field interpretation and grouping of
surficial material units.

Surficial materials having similar

modes of origin generally have a commonality of physical
properties.

Deductive reasoning based on the mode of origin

suggests what is to be expected in the physical property of
the surficial material.

This provides a rationale for

correlation of data or mapped units from area to area.

Such

reasoning also forms a basis for projection of physical
properties where data for such determinations are lacking.
The classification system proposed in this study is
designed to fit all types of surficial materials ranging
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from residual to transported.

However, it is anticipated

that this system of classification will have more specific
applications in regions where stratigraphic identities of
surficial materials cannot be established, or at least are
not readily apparent.

As stated by Cline (1967, p. 381)...

"The purpose of any classification is to
organize and acknowledge that the proper
ties of objects may be remembered and
their relationships may be understood
most easily for a specific objective."
The ultimate justification of a study of earth mate
rials, surficial materials or bedrock, is the potential
application of that study.

Because land use is affected at

least in part by surficial materials, a knowledge of their
physical properties, mode of origin, and their geographic
distribution provides a basic aid in land use planning.
Surficial materials maps produced during the development of
the classification system provide this information.

These

maps can be used for geologic studies, engineering purposes,
and land use planning.

As an example of the latter, a

waste disposal map of a portion of the Vienna Quadrangle
was constructed from the Vienna surficial materials map.
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II.

INTRODUCTION

Systems for surface soil classification have steadily
changed during the last 100 years.

Early classification

efforts were hindered by limited areas of investigation.
Some emphasized only local soils related to farming.
Others, for example, Hilgard (1911), classified soils
primarily according to geologic origin.
Most of the effort given to soil classification by
pedologists has been limited to the upper few feet of
surface deposits, and geologists have restricted their
interests to materials which could be dated.

However,

beneath the veneer of surface soil capable of supporting
organic life and overlying bedrock, there usually are
several feet, perhaps several hundred feet, of unconsoli
dated material having no stratigraphic identity.

Except

for Plio-Pleistocene deposits, this widespread mass of
material has strangely received little attention for
classification and mapping purposes (Leggett, 1967).
Hunt (1972, p. 125) commented on this inadequacy of
information by stating. . .
"Despite the fact that surface deposits
constitute the most valuable layer of
the earth, the United States has no
satisfactory map of them."
Although the gist of Hunt's statement is no doubt true,
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Woods, Berry, and Goetz (1960, pp. 9-56) had described
broad soil groups and illustrated their distribution in
North America.

Their groups are more akin to surficial

material categories than engineering, although the map
is labeled as a generalized engineering soils map.

A

map of surface deposits of the contiguous United States,
by Hunt (1967, p. 86), vaguely resembles the map of Woods,
Berry, and Goetz.
The only map and classification that could serve as
a surficial deposits map of Missouri was published as the
state soil map (Mumford, 1931).

The State Highway Soils

Manuals, 1948 and 1964, are the only easily available
descriptions that can be used with the state soil map.
Subsequent soil studies, if they were compiled into a state
soil map, could not be as readily translated into a map of
surficial materials because of the change in soil mapping
procedures.
By necessity, classification of surficial materials
must be a systematic process, for example, as established
by the Code of Stratigraphic Nomenclature (AAPG, 1970)
for rock-stratigraphic units.

It is hoped that the intent

of the Commission (p. 10) in their definition of a soilstratigraphic unit has not been violated in this effort
to establish a classification for surficial materials.

If it were not for local custom and possible confusion
with pedologic units, the term "soil-stratigraphic unit",
as suggested by the Commission, could have been used in
this work.
Biostratigraphic and time-stratigraphic units cannot
be used in classification of many surficial material
deposits, since, as the Code of Stratigraphic Nomenclature
states (p. 10), soil stratigraphic units should be defined
on the basis of physical features, stratigraphic relation
ships, and may parallel or transgress time horizons.
Exceptions mainly are glacial and Pliocene deposits where
rock or time boundaries can be identified (Koenig, 1961).
Willman and Frye (1970) presented an in-depth discussion
of rock, soil, and land feature nomenclature as related
to the Code of Stratigraphic Nomenclature and Pleistocene
stratigraphy of Illinois.
Since more than one-half of the surficial material
deposits in Missouri do not have identifiable stratigraphic
markers, some other method to classify and then to describe
and map these materials must be devised.

Even where strati

graphic continuity may exist or be suspected, initial inves
tigations could be assisted by following a standardized
classification procedure until such time that formal rock
or time stratigraphic units can be verified.

7

In considering what is typical surficial material, one
may visualize a random mixture of unconsolidated deposits
having neither lateral nor vertical continuity.

This is

in part correct, although parent material historically has
been considered to influence soil derived from it (U.S.
Dept, of Agric., 1938; U.S. Geol. Survey, 1972).

Thus, one

could anticipate that total randomness of surficial material
would not exist.

However, exogenetic processes (Penck,

1953, p. 11), slope, climate, vegetation, drainage, and
the like, modify parent material identities to the extent
that surficial material cannot be mapped as a fascimile of
parent material or as a relict of tectonic structure or
landform features.
In classification of surficial materials, mode of
origin, as related to exogenetic events, and physical
properties, must be emphasized to maintain consistency in
identification.

If these properties are aptly chosen so

that continuity in classification can be maintained regional
ly, it then becomes possible to define and map surficial
materials over a broad area.

Interpretation as to genesis,

time-stratigraphic positioning, and derivative maps having
land use applications, can be made with greater confidence.
The initial phase is selection of physical properties having
sufficient distinction to be easily, as well as repetitively

8

recognized.

If the mode of origin can be determined, this

must take precedent over physical properties if there is a
conflict in data.

For example, a residual clay, even though

it has properties similar to transported clay, would be
classified separately.
The soil and bedrock deposits considered in establish
ing the Surficial Materials Classification System, include
bedrock ranging from Cambrian to the Tertiary, and surficial
material that varies from glacial drift to residuum
(Scrivner et a l ., 1966).

These deposits, found in Missouri,

generally are representative of the Midwest.
Portions of three physiographic provinces are present
in Missouri (Fenneman, 1938 and Thornbury, 1965).

These are

described as the Central Lowlands in the northern and western
portion of the state, the Ozark Plateaus in central and
southern Missouri, and the Coastal Plain Province in the
southeast.

The Central Lowlands Province of northern

Missouri is described as Dissected Till Plains; the unglaci
ated portion in western Missouri is labeled as the Osage
Plains; and the southeastern, "Bootheel", region of Missouri
lies in the Mississippian Alluvial Plain section of the
Coastal Plain Province.
Landforms of Missouri range from flat plains, 1 to
3% slopes, to high hills with local relief of 500 to 800
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feet and 20 to 35% slopes (U.S. Dept, of Interior, 1970).
Missouri is situated in a temperate climatic belt.
Rainfall ranges from 32 inches in northwestern Missouri
to 48 inches in the south.

Unit runoff varies from 4

inches, the low again in the northwest, to 22 inches in
the Bootheel of the southeast.

However, some watersheds

in the Ozarks may have average annual runoff of only 1 to
2 inches (Williams, Harvey and Denkel, In Press).
The variations in unit runoff are in part related to
physical properties of the surficial materials.

The basins

within the Ozarks having deficient runoff are also those
basins with a high surface water loss to the subsurface.
These basins are noted for their expression of subdued
topographic relief compared with basins having normal run
off.

Also, physical characteristics of surficial material

in these basins differ from those basins having more typical
runoff conditions (Vineyard and Williams, 1967).
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III.

REVIEW OF LITERATURE

The review of literature begins with works in Missouri
that pertain to surficial material.

Subsequent portions of

this review cite studies in soil science, engineering geology
and engineering to illustrate various approaches used in the
description and classification of surficial material.
In possibly the first overall, although brief, descrip
tion of surficial materials in Missouri, Swallow (1855) de
scribed four major categories; Alluvium, Bottom Prairie,
Bluff or Loess and Drift.
size origin.

His separations-appear to empha

However, he subdivided some of these major

categories on the basis of material type.

Alluvium, for

example, was separated into several units including wellgraded, fine-textured material (soil), pebbles, sand, and
clay.
A comprehensive study of physical features in Missouri,
including comments on surficial materials, was completed
some forty years after Swallow's early description.

This

work by Marbut (1896), a prelude to his change of disciplines
from geology to soils, was originally intended for a doctoral
dissertation, (Bretz, 1965, p. 15).

Marbut, writing as a

geologist in his early studies of surface features, gave
more attention to geomorphic characteristics than soil
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properties.

Later, as his efforts were directed toward

establishing a soil classification system (U.S. Dept, of
Agric., 1938), he emphasized physical properties.

Marbut,

in his first comprehensive study of geomorphology in
Missouri (1896), singled out two basic land surfaces, the
General Upland Plain and the Tertiary Lowland.

The Upland

Plain comprised most of Missouri with the Prairie region
in the north and the Ozark region in the south.

A point

of some importance in Marbut's work was his belief that
only one erosion cycle had occurred.

He pointed out that

fine-textured Eocene sediments present in southeastern
Missouri indicated no highlands existed at that time.
However, the presence of rounded chert gravel in the
"Lafayette" Formation (Pliocene) indicated subsequent
uplift.

This formed the basis of his evidence for the

beginning destruction of the Eocene peneplain and the
cause for a widespread deposit of gravel to be found
covering much of southern Missouri.
In a report on the Lower Carboniferous of Missouri,
Winslow (1894, pp. 425-429) stated that some widespread
unconsolidated materials had possible lateral continuity.
He recognized rounded gravel in southwestern Missouri as
having distinct physical similarities with gravel on
Crowleys Ridge in southeastern Missouri and gravel in
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eastern Missouri.

He considered these deposits, generally

found on the uplands, as Tertiary in age.

Winslow goes on

to give some of the first physical descriptions of residual
surficial material in describing the thick red clay overlying limestone and dolomite in southern Missouri.

He

separated these deposits by describing those consisting
primarily of residual chert as separate from generally chert
free residual clay.

He assigned these residual products to

the Quaternary as did Shepard (1898, pp. 1-12).

Shepard

used the example of a mastodon tusk found in black mud in
a limestone crevice at Springfield to justify dating the
residual red clay as Pleistocene.

While neither author

commented on the many other types of surficial materials
in the Ozarks, they are among the first to note the wide
spread existence of upland gravel and residual clay, at
least a beginning in the classification of surficial mate
rials in Missouri.
The first in-depth study of surficial materials in
Missouri emphasized only the Quaternary deposits (Todd,
1896).

His classification was a texture-position compromise

Four categories were distinguished: l)Bouldery Drift,
2) Loess and Gray Loamy Clay, 3) Terrace Deposits, and
4) Alluvium.
Occasionally, remarks, but not in depth, as to

relationships of surficial materials and bedrock are made
by many subsequent authors in descriptions of Missouri
geology.

For example, Buckley (1908, p. 12) noted that

certain bedrock formations developed soils having
distinctive characteristics.

Unpublished field notes

(Dake et: al. , Missouri Geological Survey Unpub1. Files)
indicate many geologists recognized that surficial material
especially in the Ozarks, could be used in the interpreta
tion of bedrock identities and landscape formation.

How

ever, few published on this, and those who did limited
their comments to one or two pages, as did Buckley.
Undoubtedly, the first investigation that could be
said to have a regional concept of surficial materials in
Missouri was the product of an effort by Marbut (1914)
in a soil reconnaissance investigation of northern Arkansas
and southern Missouri.

While this report was intended for

agricultural uses, the soil classification had a strong
bedrock or parent material influence.

Marbut did not limit

his identities to the upper pedogenic profile since his
basic soil provinces were based on physiographic areas of
the region (p. 39).

However, soil groups within the

provinces were defined primarily on textural properties,
although topography, vegetation, and crop productivity were
important modifiers.

It appears that the successes and
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failures of the early farmers tended to influence Marbut's
classification scheme ever so slightly (p. 24).
Within a span of 30 years following studies of
northern Arkansas-southern Missouri soils, the soils in
Missouri had been mapped and described in detail (Miller
and Krusekopf, 1929).

By this time, soil was defined on

the characteristics of the upper few feet.

However, Miller

and Krusekopf did group soil types as related to parent
materials.
In a study of Pleistocene geology in northeastern
Missouri, Stone (1960) used Atterberg limits, texture,
and clay mineralogy to aid in classification of Pleistocene
deposits.

He established several units in a previously

unmapped region, Clark County, but did so primarily on a
local basis.

These units were later used in a nearby area

by Heim (1963).

Goodfield (1965), in describing the

Pleistocene deposits in St. Louis County, tended to empha
size stratigraphy and lithology over texture and mechanical
properties for classification purposes.

He did cite evidence

that deposits previously considered pre-Pleistocene, that
is, residuum and Grover gravel ("Lafayette" to some), were
early Pleistocene and not Pliocene or earlier.
Bretz (1965), in describing the Geomorphic History of
the Ozarks, emphasized landforms.

He proposed three
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uplift-peneplanation cycles mostly based on landforms, but
did comment that the most recent peneplain, the Ozark, had
a soil covering of cherty red clay.

He also warned that

upland gravel alone cannot be used for land surface correla
tion.
Knox (1965) presented evidence that climatic cycles
during Pleistocene influenced both landforms and sediments
(surficial material) in the southwestern Ozark Plateaus of
Missouri and Arkansas.

He believed that during periods of

rainfall above 20 inches per year, specifically during
glacio-pluvial stages, solutioning and downcutting of
streams predominated.
would be removed.

During these wet cycles sediment

In the interglacial stages, with rainfall

less than 12 to 14 inches per year, aggradation of sediment
would occur in valleys because streams would be incapable
of transporting the material.

This is contrary to beliefs

expressed by King (1953, p. 748) who wrote that landforms
differ only in degree relative to arid or humid environments.
Penck (1953, p. 72) also stated that denudation of forms
would not differ according to climate provided endogenetic
premises were the same.

He considers evidence is lacking

to support landform changes relative to rainfall cycles.
Knox stated that the similarity of soil profiles on all
surfaces indicates there is no significant age difference
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of the land surfaces.

Again, King would disagree by his

comments that soil thickness cannot be used to infer land
surface age.
Knox tends to favor pedimentation as a landform
concept best suited for at least that area of the Ozarks
that he studied.

This concept follows the thinking of

J.H. Quinn who had stimulated the investigation by Knox.
Quinn's studies of the Boston Mountains and the Ozarks
are given in numerous reports, such as his comments on
pediment development, rainfall, valley profiles and soil
development to explain Ozark-Boston Mountain landforms
(Quinn, 1958) .
Character of surficial materials in the Ozarks were
observed to have a relationship with the geohydrologic
setting of watersheds by Vineyard and Williams (1967)
and Aley, Williams and Massello (1972).

Further comments

on the physical variations in surficial materials relative
to the geohydrologic setting were made by Williams, Harvey
and Denkel (1975, In Press) while studying thermal emissivity
of some watersheds in the Ozarks.
Pedologists tend to think in terms of physical
similarities and differences; geologists are trained in
the related events.

Thus, the literature of soil science

emphasizes physical relationships.

References to time
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concentrate more on length of weathering or soil development
rather than highlighting time correlated deposits.

For

example, Marbut (1907, p. 92) indicated that his soil
classifications were based on topography, vegetation, and
soil texture.

By 1914 (p. 10), Marbut began to emphasize

parent material effects and length of weathering.

However,

by 1938 (U.S. Dept, of Agric.), soils were no longer grouped
primarily on the basis of geologic origin.

This developed

from the realization that grouping on parent material
properties resulted in soil types being defined where there
was little evidence of parent material influence.

This

trend had begun some twenty years earlier (Marbut, 1927)
when great soil groups were classified according to physical
characteristics indicative of climatic zones.

Thus, soils

in Missouri which were once described as formed from mixed
glacial and loessial deposits (Miller and Krusekopf, 1929)
were subsequently termed gray-brown podzolic soils (U.S.
Dept, of Agric., 1938).

In continuing efforts to describe

more precisely the physical characteristics of the soil,
the U.S. Department of Agriculture (1960) published the
7th Approximation.

Some of the stated goals (p. 11)

included the establishment of a classification system that
could be used for classification of soils as yet unknown.
Quantitative values and procedures were devised to classify
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soils, thus avoiding the ambiguity resulting from interpreta
tion of modes of origin and estimates of land use effects by
man.

While this helps define soils more precisely, as in

Missouri, this type of classification does little for the
investigator seeking information on surficial materials.
Although some of the more recent publications on soil classi
fication include specific chapters on geology (U.S. Dept, of
Agric., 1971), most studies make only a slight mention, or
perhaps none at all, of surficial materials in the sense of
describing the complete interval from the bedrock surface to
the upper soil surface.

Essentially, the investigation is

limited to the pedological portion, the plant root zone, of
the soil profile.

Material below that zone is described as

"not soil" (U.S. Dept, of Agric., 1973, p. 18).
Soil classification in studies of the last five to ten
years is according to procedures established in the National
Cooperative Soil Survey (U.S. Dept, of Agric., 1973).

Soils

as defined in this procedure are grouped according to
physical features, slope, and climate with somewhat less
emphasis on parent material relationships.

In some litera

ture, for example, Milfred and Hole (1970), these groups
or associations are referred to as cartographic units.
Excellent descriptive examples of soil properties, including
mechanical, as well as pedological, can be found in many
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U.S. Department of Agriculture soil reports, for example,
a study on Clinton County, Pennsylvanian (U.S. Dept, of
Agric., 1966).
Although there are recent studies that still emphasize
the relationship of parent material to soil (Plaster and
Sherwood, 1971), the trend continues away from such emphasis.
In separate reports on soil and geology near Waco, Texas
(Elder, 1965 and Flawn and Burket, 1965), the investigators
described the modern soils without reference to or relating
them to the underlying parent materials.
The complexity of soil types can obscure general
relationships.

In an effort to overcome this, Natural

Soil Groups (Shields, 1973) have been designated to group
all soils having approximately the same agricultural
response to use and management.

Characteristics of geologic

material are not taken into account in the Natural Soil
Groups.

The important identifiers are drainage and

thickness, rather than parent materials.

The degree of

slope is used as a subunit to modify the various Natural
Soil Groups.

Groups are designated alphabetically and

numerically with slope changes also shown alphabetically.
Birkeland (1971) has related geologic processes of
weathering, leaching, parent materials, and time.

A

particularly useful portion of his work is the correlation
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of soil taxa now being proposed with previous soil
classifications.

The soils he describes are generally

those formed in the pedogenic sense having a profile
development.

No reference is made to the mass of uncon

solidated material that may exist between the pedogenic
soil type and bedrock.
Buol ejt al. (1973) have publised what may well be
the most up-to-date summary of pedological classifications,
past and present.

They also present an excellent descrip

tion of the present USDA classification of soil and com
ments on land use features that relate to the present
concept of soil taxa.
Although studies of engineering geology involve soilrelated properties, as much as or more than bedrock charac
teristics, most engineering geologic maps and texts have
been developed from interpretations of geologic maps.

Some

early work by Eckel (1953), using interpretations of geologic
maps for engineering purposes, may have established this
trend in the United States.

Generally, surficial materials

have been described by standard stratigraphic procedures
only where age and positioning were apparent (U.S.
Geological Survey, 1967).

However, an engineering geology

study of New Orleans, Louisiana (U„S. Army Corps of

Engineers, 1963), used modes of deposition, textural groups
mechanical properties, organic and water content, and inter
nal friction angles as criteria to establish categories of
surficial materials.

Thus, some regionally applicable stan

dards were combined with local features in the selection of
mapping units.

The stated purpose of this study was to

devise a technique for classification and mapping rather
than just an investigation of the area.

It is, perhaps,

unfortunate that this was not published in literature that
was more accessible to persons working in that field of
interest.
Engineering geologic studies near Colorado Springs,
Colorado, by Varnes et al. (1967), considered surficial
materials to be unconsolidated deposits over bedrock.
They classified and mapped these deposits using strati
graphic procedures, but did recognize physical charac
teristics.

For example, physical variations in some

similar age deposits were considered significant and
were mapped as separate units.
and origin were recognized.

Sediment size, composition,

However, the authors used age

as the primary criterion for classifying surficial mate
rials.

For example, clay-rich, unconsolidated residuum,

weathering from the Dawson Arkose (Late CretaceousPaleocene) , was not described.

There is the inference that
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the mode of origin, transported versus residual, entered
into the decision as to what constituted surficial mate
rials.

The recognition of surficial materials solely on

an age basis also was used in a similar study near Pueblo,
Colorado, (Scott, 1969).

Deposits of Quaternary age are

called "surficial deposits", but unconsolidated material,
residual on Cretaceous bedrock, was not mapped as surficial
deposits.
Schlicker and Deacon (1967), in describing engineering
characteristics of geologic units in Tualatin Valley,
Oregon, used the AASHO (American Association of State
Highway Officials), FAA (Federal Aviation Agency), and
Unified Soil Classification Systems.

They relied on

stratigraphic names of the various geologic units for
correlations of these classification systems.
Consolidation was considered important in descriptions
of overburden by Hilpman et: ajl. (1967) in a study directed
toward land use.

Finch (1968) used degree of consolidation

to aid in surficial material classification near Paducah,
Kentucky, however, he did not clearly distinguish between
surficial materials and bedrock.

A somewhat different

approach for land use evaluation was used in the GalvestonHouston area to present data on unconsolidated deposits
(Fisher et: al^., 1972).

These deposits are separated into
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resources capability units according to engineering
properties, landscape position, origin of materials,
and biologic associations.
Some classification schemes for engineering geology
purposes have attempted to describe and map physical charac
teristics (Lutzen and Williams, 1968) without reference to
age or stratigraphic relationships.

A somewhat similar

classification philosophy is used in some European countries.
In Czechoslovakia (Matula, 1968), the concept has been to
classify broad regions on the basis of tectonic homogeneity.
Subdivisions of a region are made on geomorphic features.
These subdivisions, termed "areas", then are further sub
divided according to soil, rock, and hydrologic conditions.
These smaller subdivisions, termed "zones", are classified
in part on the basis of distinguishing surficial material
properties.

What this represents in essence is not an

interpretation based on existing stratigraphic nomenclature
procedures, but the application of a nomenclature system
unique to the intent of the study, in this instance, engi
neering geology.

The intent of Matula's classification

method basically is twofold.

First, to describe all of the

unconsolidated materials, regardless of age, origin, or
position, and second, to establish uniformity in this
description.
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Gardner and Hart (1971), working in the Denver,
Colorado, area, described and mapped bedrock based on
lithologic and physical properties.

They combined Unified

Soil Classification and geologic classification methods in
generalized descriptions of bedrock and surficial material
for engineering geologic properties.

An environmental

study in the same area by Chase and McConaghy (1971),
included a map of soil and bedrock described as a surficial
geologic map, but they used only geologic classification
procedures.
Surficial materials, mainly Pleistocene deposits,
topography, and bedrock features, were combined in a system
for landform classification in western Illinois (Jacobs,
1971).

Plains were mapped as separate from ridges.

Karst

was considered sufficiently important to warrant classifi
cation as a separate unit.

Other separations were based

on valley configuration, floodplains, and man-made altera
tions.

Thickness and type of surficial material also

influenced classification, but to a lesser degree.
Willard Owens Associates (Hamilton and Owens, 1972)
devised a rudimentary, but straight-forward, classification
of surficial materials in the Denver, Colorado, area for
purposes of highlighting engineering properties.

They based

their classification on physical properties, not age and
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origin of materials.

Influence of material origin, residual

or transported, was noted in the classification.

In this

process, all unconsolidated materials were described, not
just surficial materials of certain ages, position, or
thickness.
H.B. Willman (1973), in his presentation of geologic
data and maps along the Illinois Waterway, in part for
engineering purposes, described surficial material deposits
in the text according to customary Pleistocene nomenclature.
However, maps accompanying the text distinguish these
deposits primarily on a textural basis with modifications
in part due to position and origin.
Detailed nomenclature classifications of fluvial
deposits from an engineering geological viewpoint have
been limited partially because of texture and origin
variability (Matula, 1964).

However, Matula did establish

a classification for river deposits at a location on the
Small Danube Plain between Czechoslovakia and Hungary.

He

developed classes of material based on genesis with sub
classes according to texture.

For example, natural levees

were coded "Kp" and floodplains "Ni" to denote landform
differences.

Texture subclasses, for example, loamy sands,

were used to describe such features as natural levees in
more detail.

Terrace deposits could be dated and this was
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recognized in his classification.
Wermund (1974) used geomorphic features as an aid in
describing environmental units somewhat in the manner of
Matula.

However, Wermund also considered the intensity of

carbonate bedrock weathering, as well as type and location
of surficial materials as other parameters for environmental
unit identification.
Soil classification systems used by engineers have
not been as single-minded in the past as one might expect.
However, the present classification emphasis is essentially
limited to use of the Unified Classification System.

Work

by Casagrande (1933-1948) has been largely responsible for
the Unified System as it exists today.
Other classifications have received as much or more
emphasis in the past.

Perhaps foremost has been the American

Association of State Highway Officials (AASHO), first pro
posed in 1929 (Hogentogler and Terzaghi) and added to in
1931 (Hogentogler e_t al.).

The system was later revised

in 1945 (Highway Research Board Proceedings).
The two systems, Unified and AASHO, can be related
without much difficulty.

However, the intent of the

Unified System is to characterize soil on the basis of
plasticity and texture, whereas the AASHO System groups
soils according to load carrying capacity and expected
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performance related to traffic.

Genesis and stratigraphic

or pedologic implications are not considered in these
classifications.
A classification system known as the Civil Aeronautics
Administration (CAA) Soil Classification System is also
outlined in the 1945 Highway Research Proceedings Committee
Report.

This system, today known as the Federal Aviation

Agency Classification System (FAA), takes into account
texture, plasticity, bearing strength, and expansive quali
ties of the soil (Federal Aviation Agency, 1964).
The State Highway Department of New York (Bennett and
McAlpin, 1948) grouped soils for engineering purposes based
on relationships of geologic history, parent material, mode
of deposition, soil type, and topography.

The authors

warned that broad engineering groups of soils should be
further subdivided only when absolutely necessary.

By

1961, New York highway engineers were grouping soils into
twenty units based on thickness and mode of origin.

Map

units were designated by numbers (Hoffman and Fleckenstein).
Uniformity of concepts in soil classification systems
for engineering purposes developed slowly, even though the
need was widespread.

Classification methods used for

several decades ranged from interpretations of agricultural
soils maps to use of new systems such as the one proposed by
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Burmister (1949).

Burmister cautioned that classification

interpretations may result in loss of data concerning the
original soil identifications.

In that aspect, the

engineers using the "old-fashioned" method of interpreta
tions made from pedological maps and reports, may have a
better understanding as to cause and effect of soil perfor
mances.

Burmister did not comment on pedological methods

in soil classification, but urged that the physical proper
ties of a soil used for classification purposes emphasize
texture and gradation only.
The pedologic classification of the soil, its relation
ship, if any, to the parent material, and the topographic
setting common to that soil were factors considered in a
classification by Belcher, Gregg, and Woods (1943).

Lueder

(1950) used similar properties and added climate, drainage
conditions, and some engineering performance data to develop
a classification for use in highway soil mapping.

He

designated map units by a combination of letter and number
symbols.
A review of soil classifications used for highway
projects in several states, for example, Illinois (Byers,
1961), indicated continued use of standard pedological
maps and classifications originally made for agricultural
purposes.

In the past, the Missouri State Highway Commission
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(1962) has used the pedological descriptions of soils to
infer engineering performance properties.

The present-day

trend, however, is toward adaptation of the Unified System.
Studies in Illinois (Liu and Thornburn, 1965) indicated
that some soil mechanical properties and texture of soils
could be used for correlation with parent material and the
pedological soil profile.

Grouping of soil types can be

achieved on the basis of the character of the parent mate
rial (p. 42).

However, geologic origin of the parent mate

rial was found to have no statistically significant rela
tionship to engineering properties in a number of soils.
They concluded, for example, engineering properties of
soil types found on till with a silty loam-clay loam
texture differed only slightly.

However, little correla

tion exists between soil types found on glacial till per se.
The use of statistical analysis by Liu and Thornburn to
determine validity of correlation between soil types and
engineering performance expectations illustrates how
classification procedures can be evaluated.

Their results

tend to encourage the concept followed here in this
Surficial Materials Classification (SUMAC) System.
Liu (1967) reviewed procedures of soil classification
systems and concluded that the Unified System, with some
shortcomings, was the least complex and most comprehensive.
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He also set forth some worthwhile thoughts on the usefulness,
as well as limitations of a soil classification system.
A rather different method of classification for residual
soil deposits was proposed by Little (1969).
to define laterites more precisely.

His intent was

In order to do that he

considered that residual soils should be classified accord
ing to degrees of weathering.

The procedure might be feasi

ble in a setting like the Ozarks, but it would not allow
for recognition of transported soils.
Soil definitions for engineering purposes were made by
Jennings e_t al. (1973) to distinguish residual and trans
ported material.

They used moisture, color, consistency

(in terms of density and unconfined compressive strength),
structure, texture, and origin for identification purposes.
Unconfined compressive strength was also used to define the
residual bedrock-soil boundary.
It seems that through the years each discipline, be
it pedology, geology, or soils mechanics, tended to go it
alone.

Only a few workers, for example, the New York Highway

Department (Bennett and McAlpin, 1948) seem to practice the
concept that common ties exist.

Leggett (1967) also

reminded investigators of the similarities in soil-bedrock
related studies.
A method to consolidate skills and mapping-classification
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procedures representing several disciplines has been
suggested by Turner and Coffman (1973).

They would combine

data from many sources, biologic, geologic, pedologic, and
hydrologic, into broad regionally associated units termed
"Environmental Resource Units."
be a Till Plain Forest.

An example of a unit could

Their study is an excellent review

on a number of techniques, past and present, used in mapping
and classifying the land.

Whether the proposed total con

cept they emphasize can be followed in practice given the
usual budget, time, and personnel limitations, remains to be
seen.
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IV.

A.

STRUCTURE OF THE SURFICIAL MATERIALS
CLASSIFICATION (SUMAC) SYSTEM

Background

The Surficial Materials Classification System describes
surficial materials according to texture, plasticity, matrix,
particle shape, fabric, and mode of origin.

It also provides

for identification and map designation of the underlying
parent material when known.

Emphasis on these parameters

is not equal; greater meaning is given to fabric and mode
of origin where possible.

Therefore, soil aggregate proper

ties which indicate geologic processes are emphasized over
soil grain properties which give more data on mechanical
properties.
Several classification systems have been used success
fully for years to assist in engineering and soil studies.
However, these systems fail to account for many physical
properties that are of particular interest in geologic
mapping and classification of surficial materials.

These

previous classification systems, especially those estab
lished by the U.S. Department of Agriculture (USDA) , American
Association of State Highway Officials (AASHO), and the
Unified Soil Classification System, shortened to the Unified
System in this report, all provided important segments that
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were used in developing the Surficial Materials Classification
System.

For purposes of brevity, the Surficial Materials

Classification System is referred to as the SUMAC System.
The procedures for classifying surficial materials on
the basis of plasticity, particle size, and sorting, are
those generally used in the Unified System.

The USDA soil

identification standards, structure, color, and texture
classification, were used or slightly modified.

The AASHO

classification assisted in evaluation of soil engineering
properties originally established for some SUMAC units by
correlation with the USDA and Unified Systems.

Correlations

were modified further by factors of geologic importance,
especially mode of origin and fabric of the surficial mate
rials.

Accordingly, some surficial material units in the

Surficial Materials Classification System are closely
related to the Unified System, while other units have more
geologic input and some closely resemble USDA descriptions.
In the Unified Soil Classification System the siltclay determination is not a size comparison, but is based
on plasticity.

In some geological, as well as engineering,

literature, clay has been defined on the basis of particle
size (Pettijohn, 1957; USDA, 1957; ASTM, 1968).

In this

proposed Surficial Materials Classification System, as in
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the Unified System, and in some clay mineralogy literature
(Grimm, 1968), plasticity with clay mineralogy implications
is considered more important than size.

Further comparisons

of silt-clay classification procedures can be made by refer
ring to Table I and to Wentworth (1922), Pettijohn (1957),
PGA (1962), Buckman and Brady (1962).

In a general sense,

however, the sand-silt-clay fractions, as defined in the
Surficial Materials Classification (SUMAC) System, are
basically like those in the Unified System.

More classes

of fine-textured material are recognized in the SUMAC
System to account for geologic processes, especially in
residual soils, and for the mechanics of sediment transport.
Significant changes exist between SUMAC and the Unified
Classification Systems for material larger than sand size.
These changes are intended to provide a means of classifica
tion relative to geologic processes that have affected
surficial materials.

The following thoughts and examples

of stream velocities and sorting are presented as an
exploration of differences in the classification systems
and as background information pertinent to the classifica
tion of surficial materials.

The data present here outline

some of the reasoning in selecting size limits of clastic
deposits, especially gravel and cobbles.
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Table I.

W e n tw o rth
(19 22 )

A m e ric a n A s s o c ia tio n
o f S ta te H ig h w a y
O ffic ia ls
. S o il C la s s ific a tio n
(P C A 1962)

C la y

Comparison of Particle Size Classifications

S ilt

S ilt

C la y

U .S . D e p a rtm e n t
o f A g r ic u lt u r e S o il
C la s s ific a tio n
(U S D A 1960
and P C A 1 9 6 2 )

C la y

S ilt

A m e ric a n S o c ie ty
fo r T e s tin g
a n d M a te ria ls
(A S T M 1968)

C la y

S ilt

U n if ie d S o il
C la s s ific a tio n
(P C A 1962)

P ro p o s e d S u r fic ia l
M a te ria ls
C la s s ific a tio n S y s te m

V e ry
fin e
sand

F in e
sand

V e ry
M e d iu m C oa rse
G ra n u le
coarse
sand
sand
sand

V e ry
fin e
sand

F in e
sand

M e d iu m Coarse V e ry
coarse
sand
sand
sand

F in e
sand

F in e s ( S ilt o r cla y )

Coarse
sand

F in e
sand

M e d iu m
sand

S ilt
20

C la v
10

O
h-

TT i i i i
O

Q

O

Q

Q

M e d iu m
gravel

F in e
gravel

r r

O

o
CD

r“H i

O

B o u ld e r

C o b b le

Coarse
gravel

C oarse
sand

F in e
gravel

B o u ld e r

B o u ld e r

C oarse
gravel

G ra v e l
4 0 (angular)
5 0 (ro u n d e d )

C o b b le

C o b b le
6 0 (angular)
7 0 (rou n de d)

B o u ld e r
8 0 (angular)
9 0 (ro u n d e d )

o

CM

i,i
1 1
1.1 l.T

J. 1

B o u ld e r

G ra vel

Sand
30

S ie v e sizes

I

F in e
sand

Coarse
gravel

F in e
gravel

C oarse
sand

c o b b le

Peb ble

i i !
i
i
)f M l ! I i 1 1 TT-T
OJ

ro ^

CD

oo

1 T

i

o
O
CM
ro
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la Missouri, especially in the Ozarks where coarse
sediment predominates, stream velocities range from 0.3
to 0.4 m/sec at low flow to 0.8 to 1.0 m/sec for average
flows.

High flow velocities average 1.6 m/sec (Skelton,

1974, pers. comm.).

According to Twenhofel (1939, p. 193)

and Hunt (1967, p. 98), a stream velocity of approximately
1.0 m/sec is required to start movement of gravel size
particles 2 to 3 cm (1 inch) in diameter.

Results of

sieve size analysis by Rueff (Missouri Geological Survey
and Water Resources Unpubl. Files, 1973) indicate that more
than 507o of the alluvial deposits in Ozark streams are
larger than 4.76 mm, about 1/4 inch, but less than 2 to 3
inches, approximately 6 cm, in diameter.

Rueff (1974,

pers. comm.) stated that in his sampling procedures he did
not search out deposits having significantly larger frag
ments, that is 5 or 6 inches (14 cm) or more in diameter,
since these appeared to represent only 4 or 5% of the total
alluvial sediment.

Samples also did not include the modern

surface soil of sand, silt, and clay.

Thus, the majority

of stream sediments in Missouri, even in the Ozarks, have
few alluvial deposits larger than 3 inches.

Of interest

in a totally different setting is the reported size of
gravels, 2.5 to 5 cm (1 to 2 inches) in the Danube River
alluvium near Bratislava (Matula, 1964).

37

The Unified Classification System recognizes the
gravel-cobble break, 3 inches (76.1 mm) and larger, as
important relative to engineering performances (PCA, 1962).
Persons working with agricultural soil data, also have used
the 3-inch size as a significant marker for interpretations
(U.S. Dept, of Agric., 1973).
Because it is important that a classification system
relate to physical processes as well as to the region under
study, these data support the reasons for the sand-gravel
and the gravel-cobble dimensions as defined in the Unified
and the SUMAC Systems.
While cobble and boulder size material is not wide
spread in Ozark streams, and is still less important in
northern Missouri rivers, cobbles and boulders are exten
sive on Ozark uplands in residual soil and as blanket
deposits on the surface (Bretz, 1965).

With these concen

trations of larger size fragments, a classification of
cobble and boulder size material will assist in field map
ping.

The significance of cobbles, rounded and angular,

has been noted in agricultural soil surveys (U.S. Dept, of
Agric., 1960).
The importance of particle shape in sediments larger
than sand size is accounted for only in the Surficial
Materials Classification System.

The intent is to recognize

geologic significance of mode of origin and possible
stratigraphic meaning.

For example, the inference drawn

by Marbut (1896, p. 27) that "Lafayette" gravels were
indicative of a regional uplift, illustrates this need to
recognize particle shape in classification of surficial
materials.

Although geologic nomenclature has used

separate names to classify particle angularity, e.g.,
block for an angular boulder (Pettijohn, 1957, p. 12),
these names have not gained common usage in other litera
ture.

Thus, sediments larger than sand size are described

in the SUMAC System only as angular or rounded gravel,
cobbles or boulders.
Soil structure is used to assist in unit identifica
tion wherever possible.

Soil structure, as defined in

the 7th Approximation (U.S. Dept, of Agric., 1960, p. 256)
is an aggregation of primary soil particles into compound
particles or aggregates separated from other aggregates by
surfaces of weakness.

The structure is described by shape

arrangement, size, distinctness, and durability.
There are four types of soil structure (Nikiforoff,
1941, pp. 193-208).

Platy structure describes soil parti

cles arranged in a plane, usually horizontal.

Soil aggre

gates with an elongated aggregated shape bounded by planes
having vertical orientation are considered to have a prism
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structure.

Prism structure is subdivided into prismatic

having square ends or columns with rounded ends.

Blocky

and granular structures (later termed "spheroidal")
designate soil particles having angular or rounded shapes,
respectively.

Blocky structures are angular or subangular,

the latter have mixed rounded and plane faces with rounded
junctures at face intersections.

Spheroidal structure is

subdivided into granular, relatively nonporous, and crumb,
very porous.

Since some soils have no structure, there are

really five structure types.

This fifth type, structureless,

is subdivided into massive, if coherent, or single grain, if
noncoherent.
The references to texture and structure in the 7th
Approximation (U.S. Dept, of Agric., 1960) do not include
the larger diameter fragments.

As noted in this USDA publi

cation, soil masses with stones larger than 10 inches
(254 mm), while important in assessing the properties of
the soil, are not classified.

The reasons cited include

the failure to have established meaningful classification
procedures.
A classification method for earth materials devised
by Mielenz and King, 1955, based on clay mineral properties
and engineering performance, is not usable as a system for
classification of surficial materials.

However, the aims,
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as well as some of the identifying properties used by
Mielenz and King for their purposes, are adapted or modi
fied in the Surficial Materials Classification System.
As expressed by Mielenz and King (p. 198). . .
"Classification of materials according to
this system does not depend upon a knowl
edge or an assumption of the origin of
the material, although, by observation of
the fabric, the origin can be deduced."
Their intent, as expressed, is an important facet of
the Surficial Materials Classification System.
The framework of the two systems is somewhat similar,
but many of the physical criteria differ.

Some similari

ties exist in the use of fabric, texture, and structure,
as defined by Mielenz and King (p. 198), in identification
of soil.

Their selection of massive, blocky, prismatic,

and columnar fabrics to describe major types of earthen
materials, is appropriate for descriptions of surficial
materials made up of 50% or more of silt and clay.

Soils,

as described for agricultural purposes, are also identified
in part by these properties (Buckman and Brady, 1962,
p. 40).

For example, angular, blocky clay, a typical

residual soil in Missouri, represents a type of category
as defined by Mielenz and King, and is recognized in
several of the classification units in the Surficial
Materials Classification System.
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The use of fracture predominance and isotropy for
major category definition by Mielenz and King is not a
logical method for field identification and classification
of surficial materials.

The properties of fracture inten

sity and determination of isotropy would appear to call
for some speculative judgement on the part of field inves
tigators .
To contrast systems of classification, the repetitive
results obtained by countless persons using the Unified
Classification System for more than two decades encourages
the use of that system, wherever possible, for classifica
tion of unconsolidated material.

Color description, as

used by the U.S. Department of Agriculture, is perhaps an
ideal example how field identification procedures involving
considerable judgement can be relatively standardized.
Thus, field tested classification methods, rather than the
one proposed by Mielenz and King, are considered more
important in the Surficial Materials Classification System.
However, a number of the suggestions put forward by Mielenz
and King were used in this study as supporting evidence in
the establishment of SUMAC units.

As an example, Mielenz

and King wrote (p. 203). . .
"The absence or presence of a matrix exerts
a great influence on the physical proper
ties of earth materials."
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Since fabric of a material, as well as its physical
properties, may relate to its mode of origin (Hunt, 1951,
p. 252), the classification system for surficial materials
has been designed to recognize major fabric differences.
For example, a surficial deposit of residual soil formed
from carbonate bedrock is apt to retain the gross features
of that bedrock preserved as an insoluble residue of soil
and rock fragments.

Colluvial deposits usually have no

significant orientation of fragments or voids, thus, no
oriented fabric.

Therefore, soil characteristics may

indicate the parent bedrock relationship, as well as some
probable engineering properties related to particle arrange
ment.

As an example, a stony clay-rich deposit, residual

on a carbonate bedrock, can be halloysitic (Grimm, 1968)
or kaolinitic (Alcott, 1970).

These deposits usually

consist of low density, somewhat permeable, clay having
low to medium plasticity.

In the Unified System, one

would be limited to describing such a deposit as a clayrich gravel (GC) without the opportunity to assign a
meaning, and thus, a classification relative to the matrix
or the fabric.

As pointed out by Mielenz and King (p. 205),

kaolinite and halloysite may have only slight to moderate
plasticity, whereas montmorillonite is highly plastic.
Examples of this occur in glacial till where the fine-
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textured portion has a massive soil structure, is highly
plastic, and montmorillonitic (Tennyson, 1962).
With the grouping of similar properties in the
Surficial Materials Classification System, one can make
some judgement as to both the expected mechanical perfor
mance of a clay-rich gravel, as well as its possible mode
of origin.

Rominger and Rutledge (1952) indirectly chided

geologists for not making more use of engineering charac
teristics of soil properties to assist in stratigraphic
studies.

They showed that soils mechanics data could be

a useful means to define deposits where other evidence of
stratigraphic variations were lacking or ill-defined.
Atterberg limits, grain shape and size, and permeability,
were a few of the data or characteristics they used to
infer source and depositional conditions. Preconsolida
tion stress and natural water content were also considered
to be useful properties that would shed light on the
history of the deposit.

B.

Classification Structure

The arrangement of classification in the Surficial
Materials System is intended to describe the parent
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material, the surficial material, and what relation, if
any, exists between the two.

Attention in this study is

directed primarily toward the classification of surficial
material.

Category and unit subdivisions of the surficial

material are the framework of the classification.

Possible

effects or relationships of parent material on surficial
material are considered of sufficient importance to warrant
the mapping and classification of parent material as a part
of the SUMAC System.
Parent materials are classified as either consolidated
or unconsolidated.

Although the term "parent material" as

commonly applied usually refers to bedrock, it can be
equally well applied to unconsolidated material, such as
thick alluvial deposits, glacial drift, or loess.

Altera

tion of parent material by processes, such as leaching,
water table changes, or illuviation, develops present day
physical properties that are mapped as surficial material
units.

Except in an arid environment, few unconsolidated

deposits have been left uneffected by post depositional
changes.
Surficial materials are classified into nine cate
gories, depending on particle size and shape.

The nine

categories describe six textures, clay, silt, sand,
gravel, cobbles, and boulders.

Gravel, cobble, and boulder
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textures are each divided into two categories, angular and
rounded.

Each of the nine categories is further subdivided

into units on the basis of mode of origin, fabric, and the
physical properties of the matrix.

Thus, the unit-category,

as related to parent materials or bedrock, becomes the basis
of the proposed Surficial Material Classification (SUMAC)
System.

1.

Parent Material Groups

A parent material group is considered to be uncon
solidated if it can be excavated with hand tools or by
excavation equipment without ripping or blasting.

Obviously

this is subject to many variances, such as size of equip
ment and skill of the operator.

As one example, if the

deposit consists of very large boulders, but the matrix is
unconsolidated so that it can be easily removed, the deposit
would be considered as unconsolidated.

Such a situation

exists in an alluvial deposit of boulders.
Density is also considered in differentiating between
unconsolidated and consolidated deposits.

Values of 1,600

to 4 ,000 pounds per cubic yard are representative of uncon
solidated deposits.

Consolidated deposits usually have

values of 4,000 pounds per cubic yard or more.
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Refractive seismic velocities also indicate the degree
of consolidation.

Seismic velocities of 5,000 ft/sec (feet

per second) or less are typical for unsaturated, unconsoli
dated material that can be excavated (Caterpillar Tractor
Co., 1966).

Of course there are many contradictions to

this as any other attempt to define boundary conditions in
the field.

Dense residuum of chert and clay may have

velocities up to 8,000 ft/sec and yet can be excavated.
Limestone pinnacles with clay between the pinnacles
or weathered bedrock with numerous air-filled voids can
have significant velocity variations from 10,000 ft/sec
to as low as 5,000 ft/sec (Missouri Geological Survey
Unpubl. Files).
out blasting.

This material could not be excavated with
It would be classified as consolidated

parent material in the Surficial Materials Classification
System.
Water-saturated conditions may increase velocities
as much as 1,000 ft/sec.

A poorly sorted, water-saturated,

alluvial deposit, may have velocities of 5,000 to as much
as 5,500 ft/sec and be easily excavated with a drag line.
All recent alluvial deposits, regardless of moisture condi
tions, are considered as unconsolidated parent material.
A well-cemented, but dry, deposit of cobbles and boulders
with a claystone matrix, may have a velocity as low as 5,000
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ft/sec.

This could be excavated only with great difficulty,

and would be considered as consolidated parent material in
this study.

An example of this is the deposit of

Pennsylvanian (Atokan ?) age clay, shale, and boulders,
that rest on the Ordovician to Mississippian age bedrock
in central Missouri.
For purposes of this study, glacial drift is con
sidered to be unconsolidated parent material.

Normally

all till, the non-sorted variety of glacial drift, is
described as unconsolidated and only tillite, its rock
equivalent, is consolidated (Goldthwait, 1971, p. 3).
Sorted glacial drift deposits, glacio-fluvial and glaciolacustrine, are also unconsolidated.

Although the general

concept that glacial drift is unconsolidated is valid,
notable exceptions exist.

For example, large rock block

inclusions up to several acres in size (Moran, 1971, p. 131)
have been reported.

Rock blocks and very large glacial

boulders that would seriously hinder excavation are uncom
mon in Missouri.
The parent material groups, consolidated and uncon
solidated, have been subdivided on the basis of grain size
and lithology (Appendix A).

These can range from clay to

boulders for unconsolidated parent material and claystone
to dolomite for consolidated parent material.
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Abbreviations consisting of two letters are used to
describe the parent material and its matrix (Table II).
The intent of the two-letter symbolization is to be mnemonic
and repetitious.

The first letter of the two-letter

sequence has been copied from the Unified, USDA, and
Geologic Classification Systems wherever possible.

Examples

of this include MC" for clay, "M" (Mo ) for silt, and "S" for
sand, as used in the Unified System.

"M" is taken from "Mo",

a Swedish word meaning sandy soil or sandy plain.
Examples of abbreviations taken from geologic terms
include "D" for dolomite, and "P" (pelite) for claystone.
Where it was necessary to use less obvious abbreviations to
avoid letter repetition, the letters selected are intended
to have a phonetic relationship with the parent material
name.

"T" for chert, "H" for shale, or "K" for cobbles,

taken from the German word "Kiesel", illustrate this pro
cedure.
The second letter, which is intended to designate
the type of material in the matrix of the parent material,
was also chosen using the same system of abbreviations.
Where there is a question as to the character of the matrix
of the original parent material, alluvium for example, the
second letter is shown as "X".

Parent material deposits

having approximately 10% or more of a matrix, for example,
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gravel containing 10% or more boulders, would be described
as a bouldery gravel (Pettijohn, p„ 27).

2.

Categories

Surficial materials are classified into nine categories
(Table II and Appendix A).

These categories are designated

by the first digit of two-digit numbers:

clay (10), silt

(20), sand (30), angular gravel (40), rounded gravel (50),
angular cobbles (60) , rounded cobbles (70), angular boulders
(80), and rounded boulders (90).

The classification of

clastic materials into categories designated angular and
rounded is intended to show both physical properties and
mode of origin.

Angular, as used here, also implies sub-

angular, rounded implies subrounded.

The former is likely

the product of residual origin, whereas, the latter prob
ably has been transported.

Exceptions exist, for example,

where some rounded gravels, typically chert nodules, have
retained their roundness as relict structures.
Each of the categories is subdivided into five to
eight units, depending on plasticity, sorting (gradation),
fabric, soil structure, color and origin.

For example,

a highly plastic clay is designated as "SUMAC unit 11" to
represent the matrix modification of the clay category.
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3.

Units

The units designated by the second digit to indicate
category modification are repetitive in each of the cate
gories so that highly plastic clay is designated as 01, low
to moderately plastic clay is 02, a deposit with relict bed
rock fabric is 03, a deposit having a matrix of poorly
sorted material including clay is 04, a poorly sorted
deposit with few fines is 05, a well-sorted deposit with few
fines is 06, and a deposit with a matrix of poorly sorted
fines, but without sufficient clay for cohesion, is desig
nated as 07.
as 08.

Deposits having an organic matrix are listed

As an example, any unit having a number ending in

"2" means that clay of low to moderate plasticity is an
important physical constituent of that unit.

For example,

the unit "42" means angular gravel with a low to moderately
plastic clayey matrix.
All groupings are determined by the type of material
representing the greater percentage of the deposit.

Thus,

a deposit having 70% cobbles, 20% gravel, and 107» silt, is
assigned to the cobble category.

This deposit would be

described as unit "67", assuming angular cobbles and insuf
ficient material, finer than silt, to form a cohesive
matrix.
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C.

Fabric

The fabric of the soil structure is one of the more
important parameters of the SUMAC System.

For example, the

preservation of relict bedrock structure can be seen in some
types of residual surficial materials as remnant bands of
chert that highlight the outlines of the original parent bed
rock bedding (Fig. 1).

Stratification of insoluble remains

is more apparent where the parent bedrock has weathered in
place with few alterations caused by slumping or slope
creep.

There has been little mixing of the soil material as

it weathered from bedrock.

Thus, the deposit, if sampled at

selected horizons, would appear to be well-sorted with some
samples predominately of clay, other samples of angular
gravel, and still others consisting of angular chert boul
ders.

By contrast, if slumping or slope movement has af

fected the fabric of a residual soil, that movement will
have caused a mixing of fine and coarse-textured material
(Fig. 2).

Such physical processes tend to form a poorly

sorted deposit of surficial materials and alter the struc
ture of the residual clay.
The importance of establishing a separate map and
classification designation for soil deposits which retain
the fabric of the parent bedrock was recognized in a report
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Figure 1.

Relict bedrock structure of SUMAC unit RD-43 as
exposed in a collapsed sinkhole. The parent
bedrock is the Roubidoux Formation.
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Figure 2.

A poorly sorted deposit of SUMAC unit DD-44
derived from weathering of a sandy dolomite.
The hillslope setting is representative of the
mode of occurrence.
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on engineering geology mapping compiled by the Group Working
Party for the Geological Society, London (Engineering
Geology, 1972, p. 316).

They noted that significant volume

change occurred when the original rock fabric of the soil
material has been destroyed.

Field evidence and laboratory

data (Table I, Appendix B) acquired during the period of
developing the proposed Surficial Materials Classification
(SUMAC) System, strongly supports their recommendation and
results.
When fluvial processes were dominant on the origin of
the deposit, the transportation and sorting of the material
results in a stratification of sediments that can be readily
recognized (Fig. 3).

In some valleys, however, little sort

ing occurs when there is high infiltration of surface water.
The fabric of the surficial materials in such a setting is
markedly different from the fabric of transported deposits
(Fig. 4).

These and other processes of weathering and

transportation are well known geologic agents that affect
bedrock and surficial materials.

However, the effects

caused by these agents have not been fully utilized as a
tool in classification of one of the most widespread geo
logic deposits that exists, surficial material.

The

Surficial Materials Classification System, as outlined in
Table II and Appendix A, is a usable method for describing
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Figure 3.

A well-sorted deposit of alluvial surficial material,
SUMAC unit AX-12, as exposed in the stream bank of a
gaining (effluent) valley.
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Figure 4.

A poorly sorted mixture of surficial material,
SUMAC unit AX-44, exposed in the stream bank of
a losing (influent) valley.
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the wide variability of surficial material discussed on
the previous pages.
If a classification system is not rigorously followed,
compromises may soon defeat the purpose.

However, one must

consider that the purpose of any classification system is
only to aid the investigator or user.
achieve the goal, not the goal.

It is a means to

Suggested abbreviations,

which are at variance with the SUMAC System, but proven to
be of use in surficial material mapping, are included in
Appendix A.

These substitutions should not interfere with

the potential adaptation of the SUMAC System to computer
programming or to summation of physical properties for land
use interpretations.
Additional map symbol suggestions for local use would
be the inclusion of thickness, landform, paleosol, or other
information that may aid in area study.

A clayey sand, 10

feet thick over sandstone, could be labeled as SUMAC unit RR32(10).

A terrace of sand could be designated as AX-36(T).

Illustration

To illustrate the use of the system, consider a
residual clay deposit overlying limestone.

The clay has a
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blocky angular structure, dark red color, has low stone
content, and shows no evidence of movement from place of
origin.

The limestone parent material is cherty.

This

material would be classified and mapped as SUMAC unit LT-13.
If a stony soil of angular cobbles with a silt matrix from
unknown unconsolidated parent material rested on the red
clay, but showed evidence of transport, typically colluvial,
this would be written as SUMAC units VX-67/LT-13.

If the

source of the cobbly silt were known, for example, a cobbly
clay, it could be shown as SUMAC units CK-67/LT-13.

Such

inferences, however, are usually far-fetched unless an
extreme amount of detailed sampling and tracing has been
completed.
Symbols can be stacked as much as necessary to
represent a sequence of materials.

Loess, eolian deposits,

over plastic clay, over clayey gravel, over limestone,
would be:

EX-27/UU-11/UU-51/LL.

Obviously, all pertinent information can and should
be shown, such as the detail of surficial material relation
ship with the parent material or underlying bedrock.

How

ever, if no relationship exists, as with loess over shale,
that is an equally important determination.

It is usually

most pertinent to designate the parent material or under
lying bedrock, regardless of the relationship.

For example,
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the physical properties of loess over shale are likely to
be different from loess over sandstone due to difference
in drainage impedence.
To continue with a few more examples, the loess over
shale illustration would probably have physical properties
that would be described in the symbolization as SUMAC unit
EX-22/HH.

This would be clayey silt, the loess having been

modified to a silt having a clay matrix with low to moderate
plasticity.

Another loess illustration, loess over perme

able limestone, would be SUMAC unit EX-27/LL.

Less clay-

enrichment of the overlying soil profile has occurred due
to greater downward drainage.
As suggested in the illustrations, where surficial
materials are not residually derived from the underlying
sediments, the descriptive symbols are superposed with
surficial material symbol below the line.

To facilitate

printing and typing, a slash mark is a useful means of
separation.

For example, a colluvial deposit of silty clay

resting on dolomite would be written as SUMAC unit VX-12/DD.
If the surficial material is considered as a residual
product of the parent material, the symbols used are simply
an abbreviation of the parent material followed by the nu
merical designation of. the unit.

A highly plastic clay resi

dual from dolomite would be identified as SUMAC unit DD-11.
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Thus, the fundamental SUMAC mapping and classification
determinant is the unit, and the numerical designation of a
SUMAC unit represents the initial basis for establishing map
boundaries or description of parameters.

The unit-category

relationship is the descriptive portion of the Surficial
Materials Classification framework.

However, the combined

unit-category relationship of the surficial material with
the parent material or bedrock is considered to be the
integral surficial material unit.

It is this "SUMAC unit"

that is used to represent surficial material deposits that
exist on the landscape.
The detail of the Surficial Materials Classification
System (Appendix A) may distract from the purpose of the
system if studied with the intent to memorize all of the
categories, units, and identifying symbols.

Rote memoriza

tion of the system would be like rote memorization of all
bedrock formations and abbreviations in a region.

No mean

ing would be attached unless the intent was related to a
study of that area.

Similarly, the categories and units

of the SUMAC System can be used with ease only by applica
tion in field mapping.

As previously mentioned in this

investigation, the selection of categories and units is
a compromise between classification of all objects and
only those objects of immediate interest.

Neither extreme
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is practical, but neither are the compromises everlasting.
The compromise chosen in setting up the SUMAC System has
been field tested in portions of Missouri and has provided
sufficient "pigeon holes" to classify all surficial mate
rials ranging from residuum to alluvium encountered in
this study.

The important aspect in all of this is to

remember that symbolization is simply a tool.

The goal

is achieved by having categories sufficient for the classi
fication needs over a widespread area.

V.

LAND USE RELATIONSHIPS

Because surficial materials constitute most of the
ground used or affected by man, a surficial material
classification system should be easily adapted for land use
planning needs.

Previously existing classification systems,

Unified, AASHO, and USDA, offer much to assist in interpreta
tion of surficial material properties.

However, these

classification systems do not have the latitude that would
permit categorization of surficial material as it exists
undisturbed in the field.

These classification systems also

do not provide for a standardized means to describe the
surficial material and parent material relationships.

It

is the thesis of this argument that the most important
initial aspect of a land use study is the need to classify
and map the physical properties of surficial materials and
related parent materials or bedrock.

These properties and

relationships as they exist in the field, ultimately deter
mine the ease or hardship and costs concomitant with altera
tions of the land by man.

Since the SUMAC System consists

of mapping units that describe surficial materials and
parent materials or bedrock relationships and properties,
this chapter, and portions of Chapter VII, explore the
potential of using the SUMAC System for land use planning.
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A.

Limitation Ratings

Ratings of parent materials and surficial material
categories and units relative to land use possibilities
are given in Table III.
may be assigned.

Any number of limitation ratings

Stout and Hoffman (1973) used three.

Van Horn (1968) used fourteen, but limited most of the
limitation ratings to 4 or 5 degrees of severity.

Atkinson

(1973, pers. comm.) found that four ratings were most useful
in landfill operations.

This is supported by experience of

the Applied Engineering and Urban Geology Section, Missouri
Geological Survey, Rolla.
The ratings, as given in Table III and illustrated in
part in Chapter VII, are qualitative in the sense that
limitations of "0" or "l" mean that geologic related prob
lems, if any, are routine and failure to correct these prob
lems would not cause problems beyond the immediate area of
the site.

Where limitation ratings of n3" or "4" are

assigned, there are likely to be problems of a difficult
nature, complex to explore and correct.

The problems could

be regional, for example, aquifer pollution.
As noted, the limitations given in Table III are
mostly qualitative.
used with judgement.

Some quantification is possible if
Data on permeability acquired in the

laboratory and in the field, if judged against thickness,
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Table III. Land Use Limitations of Parent Materials
and Surficial Material Categories and Units
Based on Physical Properties

0 — N o L im it a t io n s

2

1 — S lig h t L im it a t io n s

3 — S evere L im ita t io n s

—

M o d e ra te L im it a t io n s

L a n d fills

Sew age
Lagoons

Im p o u n d m e n ts

E x c a v a tio n s

S u r fic ia l
M a te ria ls
C la y —

10
11
12
13
14

3
1
0
3
1

3
0
0
3
1

3
0
0
3
1

1
1
0
0
0

S ilt -

20
21
22
23
24
27

3
1
2
3
1
3

3
1
1
3
1
2

3
2
2
3
2
3

0
0
0
0
0
0

Sand

30
31
32
33
34
35
36
37

3
1
2
3
2
3
3
3

2
1
1
3
1
3
3
3

3
1
2
3
2
3
3
3

0
0
0
0
0
0
0
0

G rav els, a n g u la r —

40
41
42
43
44
45
46
47

3
1
2
3
2
3
3
3

3
1
1
3
1
3
3
3

3
1
2
3
2
3
3
3

0
0
0
0
0
0
0
0

G ravels, ro u n d e d -

50
51
52
54
55
56
57

3
1
2
2
3
3
3

3
1
1
1
3
3
3

3
1
2
2
3
3
3

0
0
0
0
0
0
0

C o b b le s , a n g u la r —

60
61
62
63
64
65
66
67

3
2
2
3
2
3
3
3

3
2
3
3
3
3
3
3

3
1
2
3
2
3
3
3

1
1
1
1
1
1
1
1

C o b b le s, ro u n d e d -

70
71
72
74
75
76
77

3
2
2
2
3
3
3

3
2
3
3
3
3
3

3
1
2
2
3
3
3

2
2
2
2
2
2
2
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Table III.

(continued)

L a n d fills

Sew age
Lagoons

I m p o u n d m e n ts

E x c a v a tio n s

S u r fic ia l
M a te ria ls c o n tin u e d
B o u ld e rs , a n g u la r

80
81
82
83
84
85
86
87

3
2
3
3
3
3
3
3

3
3
3
3
3
3
3
3

3
2
3
3
3
3
3
3

3
3
3
3
3
3
3
3

B o u ld e rs , ro u n d e d —

90
91
92
94
95
96
97

3
2
3
3
3
3
3

3
3
3
3
3
3
3

3
2
3
3
3
3
3

3
3
3
3
3
3
3

C la y -

CU
CC
CM
CS
CG
CK
CB

1
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

1
1
0
0
0
0
2

S ilt —

MU
MC
MM
MS
MG
MK
MB

3
1
2
3
3
3
3

3
1
1
1
2
3
3

3
2
3
3
3
3
3

2
0
0
0
0
0
2

Sand -

SU
SC
SM
SS
SG
SK
SB

3
1
3
3
3
3
3

3
1
1
1
2
3
3

3
2
3
3
3
3
3

2
0
0
0
0
0
2

G ra v e l —

GU
GC
GM
GS
GG
GK
GB

3
2
3
3
3
3
3

3
1
2
3
3
3
3

3
2
3
3
3
3
3

2
0
0
0
0
0
2

C o b b le —

KU
KC
KM
KS
KG
KK
KB

3
2
3
3
3
3
3

3
1
3
3
3
3
3

3
2
3
3
3
3
3

2
0
0
0
0
0
2

B o u ld e r —

BU
BC
BM
BS
BG
BK
BB

3
3
3.
3
3
3
3

3
3
3
3
3
3
3

3
3
3
3
3
3
3

3
3
3
3
3
3
3

Unconsolidated
Parent Material
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Table III.

(continued)

L a n d f ills

Sew age
Lagoons

Im p o u n d m e n ts

E x c a v a tio n s

C o n s o lid a te d
P a re n t M a te ria l
C la y s to n e -

PZ
PP
PM
PS
PG
PK
PB

2
0
0
0
1
1
2

2
0
0
0
1
1
2

2
0
0
0
1
2
2

3
2
2
2
2
3
3

S ilts to n e —

IZ
1C
II
IS
IG
IK
IB

2
1
2
2
2
2
2

2
1
2
2
2
2
2

3
1
2
2
2
2
3

3
2
3
3
3
3
3

S h a le —

HZ
HH
HM
HS
HG
HK
HB

1
0
0
0
0
1
1

1
0
0
0
0
1
1

2
0
0
0
1
1
2

3
2
2
2
2
3
3

S a n d sto n e —

RZ
RC
RM
RR
RG
RK
RB
RD
RT

3
1
2
3
3
3
3
3
3

3
1
2
3
3
3
3
3
3

3
2
3
3
3
3
3
3
3

3
3
3
3
3
3
3
3
3

L im e s to n e —

LZ
LL
LC
LM
LS
LT

3
3
1
2
3
3

3
3
1
2
3
3

3
3
2
2
3
3

3
3
3
3
3
3

D o lo m ite —

DZ
DD
DC
DM
DS
DT

3
3
2
2
3
3

3
3
2
2
3
3

3
3
2
3
3
3

3
3
3
3
3
3

C y c lic —

YZ
YL
YY
YH
Yl
YR

2
2
1
0
2
2

2
2
1
0
2
2

2
3
2
1
2
3

3
3
3
2
3
3

C h e rt -

TZ
TT
TR

3
3
2

3
3
2

3
3
3

3
3
2
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provides a useful criterion for limitation assignment.
Discussion of ratings given in Table III is limited
to a few Sumac units for illustration purposes.

For example,

surficial materials described as units "13" and "43" are
noted for permeability in the field greater than that common
to clay rich materials.
10

-5

to 10

-7

Seepage rates that vary between

cm/sec. are common in laboratory tests.

Seep

age rates found in the field are considerably higher, prob
ably because of coarse fractures in the soil structure and
the laterally persistent zones of residual rock fragments.
Few water impoundments are successful in these units.

Field

observations during the mapping indicated water impoundments
built in units "ll", "12", "l4,,, and even units with more
elastics, such as "24", had few, if any, significant leak
age problems.

Laboratory tests of these soils indicated

that their measured permeability rates were only slightly
less than the laboratory measurements of units "13" or "43".
An additional example of a rating contrary to what
might be expected, is that for landfill or excavation use
of highly plastic clay having low permeabilities.
tially, these are limited to the "ll" unit.

Essen

The slight

limitation rating "1", given this clay-rich unit, pertains
to site operation problems in mud and water, rather than
pollution related hazards resulting from high seepage
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rates (Fig. 5).
The low dry densities of 65 to 85 pounds per cubic
foot, typical of units "13" and "43", adversely affect
projects such as dams and compacted fills.

Compaction

characteristics of these units are abnormal in that the
unusual physical features of these relief residual soils,
especially SUMAC unit "13", hinder compaction to high
densities (Alcott, 1970).

The clays of these units tend

to lose some of the density attained during compaction.
Even with the increased percentage of stone content of
unit "43", densities tend to be lower than normal.

Chert,

the common stone constituent of unit "43", has been
weathered to the extent some of the fragments are tripolitic.
Slope failures are uncommon in residual soils with
angular stone fragments, such as units "13", "42", or "43"
(Fig. 6).

Angular gravel is noted for contributing to

increased shear strength of soil (Leonards, 1962).

Because

many of the residual surficial material units, especially
the 03 units, "13"---- "83", consist of blocky, angular,
gravelly, well-drained clays, they have greater dry strength
than clays of other units, such as "ll", "12", or "21".
An unusual hazard, catastrophic collapse, is a property
of units "13"---- "83".

Stoping of cave roofs upward into
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Figure 5.

Highly plastic clay, SUMAC unit AX-11, underlies this
landfill and acts as a barrier to downward percolation
of water. However, necessary machinery movement is
hindered by the water saturated condition.
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Figure 6.

Road cut stability in angular gravel having a silty
clay matrix, SUMAC unit LT-42, illustrates a common
performance characteristic of excavated slopes in
this type of surficial material.
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the soil profile, coupled with vibration, wetting, groundwater table changes, singly or in combination, result in
land surface failure by collapse (Figs. 1 and 7).

The high

strength, when dry, of blocky, angular, red clay, particu
larly where the stone content is relatively high, contri
butes to this phenomena.

Other factors, such as pinnacled

bedrock to buttress the sides of the void, a cave passage
way, and some subsurface flow to carry away collapsed roof
debris, also are needed.

All of these features can exist

where the setting is favorable for development of residual
red clay (DeKock, 1964).

B.

Summary

Field mapping using the classifications in the SUMAC
System involves the description of surficial materials as
they occur on the landscape.

This description provides for

an evaluation of the performance of man-made structures,
especially those intended to hold water or sewage.

Using

this information, and the data on soil and rock properties
that characterize different SUMAC units, preliminary maps
showing the degree of limitations for various types of land
use can be easily and reliably constructed.

These pre

liminary maps represent limitations based only on the
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Figure 7.

High seepage rates common to SUMAC unit LL-13
accelerated roof collapse of small cave.
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physical properties of the surficial material units.

Other

factors, especially thickness, are not taken into account.
Final interpretative maps would include factors, such as
thickness, slope, and the degree of use intensity to be
imposed upon the land.
such modifications.

Allowances must and can be made for

An example of this is the procedure

used by Bergstrom (Written Comm., 1975) where intensity
of use and thickness are included in the evaluation of
suitability for septic tanks.

Thus, if these procedures

for identifying surficial units are kept relatively simple,
field-oriented, and related to parent material and surficial
material, land use interpretations can be made with ease,
as well as with reliability.
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VI.

A.

PHYSICAL SETTING AND PROCEDURES USED FOR
STUDY OF MAPPED AREAS

Location

The Surficial Materials Classification System is use
ful in the study of surficial material, regardless of
location.

Obviously, modifications can and should be made

to fit on-site conditions.

Areas selected to test the

classification system include one site on the Springfield
Plateau and three sites on the Salem Plateau of the Ozark
Plateaus Physiographic Province.

A fifth site, located

at the southeastern edge of the Salem Plateau, also covers
a small portion of the Mississippi Alluvial Plain, Coastal
Plain Province (Thornbury, 1965) .

B.

Physical Setting

Much of the surficial material on the Salem and
Springfield Plateaus is residual from dolomite and lime
stone.

However, sandstone parent material does affect

texture and composition of surficial materials over much
of the central portion of the Salem Plateau.
ments are ubiquitous.
material effects.

Chert frag

Shale has a minor role in parent

The Springfield Plateau and the Salem

Plateau Uplands, locally, have deposits of loess modified
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by weathering processes to the extent that a claypan is
well-developed.

Fragipans, referred to as lag gravels

in this study, are widespread, particularly on the Uplands.
Soils in the test areas were generally described as
Red and Yellow Podzols in earlier classifications (U.S.
Dept, of Agric., 1938).

The recent classifications, 7th

Approximation (U.S. Dept, of Agric., 1960) and U.S.
Department of Agriculture (1973), describe most of these
soils as Ultisols.

In the Ozark Plateau Province some

intensely weathered soils are deficient in alkalis, alkaline
earths and silica, and are enriched in iron, alumina, and
kaolinite.

These could be called Latosols due to their

close physical properties to laterite soils.

C.

Procedures

Some of the quadrangles selected for testing the
classification system were mapped with attention to
detailed separation of SUMAC units.

Others were studied

with the intent to group as many variations of surficial
materials as possible into a few SUMAC units.

Records

of borings and existing geologic and agricultural soil
maps were used to supplement field examination in all areas.
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Four of the quadrangles studied, Rolla, Cuba,
Brookline, and Cape Girardeau, Missouri (7%-minute sheets),
are discussed in detail in the appendices.

A portion of the

Vienna 15-minute Quadrangle is used in Chapter VII to illus
trate use of the Surficial Materials Classification System.
The Rolla Quadrangle Surficial Materials Map (Plate 1)
represents a mapping and classification effort with the
intent to show considerable detail in the distribution of
surficial materials, especially in the relationship of
alluvial deposits to the underlying bedrock.

The Cuba

Quadrangle (Plate 2) was mapped with the intent of group
ing surficial materials, especially the alluvial sediments,
into as few SUMAC units as possible.

The relationship of

surficial materials to watersheds and landforms was empha
sized in both the Rolla and Cuba Quadrangles.
The Brookline Quadrangle is in a relatively simple
karst peneplain landform setting.
not complex.

Surficial materials are

This uniformity aids in ease of mapping, but

lends little opportunity to expand beyond rote description
of the surficial materials.

However, there is an oppor

tunity to characterize surficial materials that occur in
gaining and losing streams.
Modification of studies in the Cape Girardeau Quadrangle
by Satterfield (1974) and Hoffman, Wagner, and Williams
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(1974), provided the data for the surficial materials map
shown on Plate 4.

This is the only quadrangle where thick

ness was also used as a criterion in designation of surfi
cial material units and their relationships.

Also, the

legend for this quadrangle is arranged for easy drafting
onto maps, but it may require more effort in interpretation
than the legends used for the other quadrangles.
The text and map legends used to describe the quad
rangles are organized in accordance with the procedures
followed during the field studies of these quadrangles.
The intent, as with the various methods of field study,
is to illustrate possible alternatives in field mapping,
classification, and descriptive methods.
The Rolla Quadrangle was described by comparing
surficial materials in different watersheds and on the Salem
Plateau Uplands.

In the Cuba Quadrangle, a contrast of

the physiographic features of the Salem Plateau Uplands
versus the ridge and valley terrain, is used as the format.
Surficial materials in the Brookline Quadrangle are de
scribed according to mode of occurence, residual, colluvial,
or alluvial.

A somewhat similar method with emphasis on

thickness and brief text, is used to describe surficial
materials in the Cape Girardeau Quadrangle.

The portion

of the Vienna Quadrangle (Chapter VII) was mapped and
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described according to the physiographic setting of each
unit.

A rationale for the use of the SUMAC System is

included in Chapter VII along with cost estimates for data
acquisition and illustrations of land use interpretations.
The Vienna area study was the last phase of the field
mapping portion of this study.

Thus, the more successful

and efficient mapping and field methods were adapted from
the four previously mapped quadrangles.

Basically, these

approaches involve mapping and comparison of surficial
materials by landform association.

Minimum attention is

given to detailed variations, particularly alluvial deposits,
because this can be achieved only with detailed subsurface
data.

Then this mapping would become more of an on-site

investigation, rather than a regional study.

The Cuba

Quadrangle (Appendix D) and the Vienna text example
(Chapter VII), are the preferred methods for surficial
material studies.
Several reasons can be given for the use of landform
associations as the basis for mapping surficial materials.
For example, ridges and valleys tend to have more colluvial
deposits with poorly sorted material.

In contrast, the

fabric of the parent bedrock structure is more likely to
be preserved on gentle uplands, especially in solution
affected soluble rock terrain.

With the preservation of
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the relict bedrock structure in surficial materials,
little sorting takes place.

Thus, there exists a regionally

distinct difference between surficial materials on these
two landforms.
Ruggedness of the landscape affects the degree of
eluviation and illuviation.

The more rugged the landscape,

the less the affect of infiltration and thus, zonation of
surficial materials.
Landforms developed on permeable soluble rock terrain
tend to have more subdued relief than landforms constructed
on bedrock having low permeability with subdued relief
and less runoff, characteristic of this setting.

There

is less sorting of alluvial sediments in the stream valleys
draining this type of landform.
The age and position of the landform (Daniels e.t al.,
1971) as related to its soil morphology and genesis,
constitutes another primary reason for relating surficial
materials to landforms.

Concepts in using major landforms

as a part of a surficial material or related classification
procedure are not new.

For example, Matula (1968) used

landforms together with tectonic provinces as an aid in
developing mapping and classification regions for engineer
ing geology purposes.
Perhaps the most arbitrary phase in a field study
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involving surficial material classification is the decision
about the amount of detail required for valid presentation
of field conditions.

Unless the study is intended for a

single purpose or an individual site, the tendency to
acquire too much detail and classify an excessive number of
surficial material units, must be avoided.

Such detailed

studies tend to infer accuracy of mapping and classification
that does not exist in nature.

The potpourri of detail

also hides one of the most important potential contributions
of surficial material studies, the regional analysis of
unconsolidated deposits and their relationships to bedrock,
hydrology, and landform development.

Lastly, if excessive

attention is given to local variations of surficial mate
rial, there is a tendency to over-emphasize the importance
of the upper zone of surficial material, since this repre
sents the preponderance of exposures available for study.
Besides duplicating the efforts of the pedologist, this
over-emphasis diverts attention from the complete profile
of the unconsolidated material, thus, the potential gain
of geologic emphasis in the study is lost.

82

VII.

A.

APPLICATION OF CLASSIFICATION SYSTEM

Introduction

An area for illustration of the classification system
(Fig. 8) was selected subsequent to the completion of surfi
cial material test mapping in four quadrangles (Appendices
C, D, E, and F).

Experience gained during the mapping of

these quadrangles aided in choosing a location that would
have a variety of surficial materials on different landscape
settings.

The area selected, a portion of the Vienna

Quadrangle, is at the western edge of the Salem Plateau
Uplands.

Surficial material includes clayey and stony soils

derived from Jefferson City-Cotter Dolomite (Ordovician)
and Pennsylvanian-aged sedimentary strata.

Alluvium in

the valleys ranges from silty clay to sandy gravel.
The numerous roads which cross both the uplands and
slopes of the selected area, assisted greatly in mapping.
Even if power-driven equipment is available to obtain
samples from the subsurface, road access is extremely
important.

Sufficient road cuts were available so that

exposures were adequate to aid in the definition of the
types of materials that are representative of an area.
Several abandoned commercial clay pits also afforded an
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SY M BO L EXPLAN ATIO N
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s u r fic ia l m a te ria ls .

MAP
SYMBOL

DESCRIPTION

THICKNESS
(F E E T )

A X -4 4

DESCRIPTION

THICKNESS
(F E E T )

Eolian Deposits and Colluvium

Alluvium
A X -2 7

MAP
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S ilt lo a m o v e r a n g u la r gravel
m ix e d w it h c la y , s ilt a n d sand
re s tin g o n b o u ld e r y shale.
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F X —4 4

H B -1 4
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H B -1 4
A X -2 7
A X -5 7

S ilt lo a m o v e r s u b ro u n d e d
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sand re s tin g o n b o u ld e r y shale.

H B -1 4
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F X —4 4
H B -1 4

U U -2 7
A X -2 7
A X -4 4
A X -5 7
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A X -4 4
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A X -4 5
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S il t lo a m o v e r a n g u la r gravel
m ix e d w it h c la y , s ilt a n d sand
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S ilt y c la y o v e r a n g u la r gravel
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b o u ld e r y shale.

2
*
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b o u ld e r y shale.

H B -1 4
V X —4 2
H B -1 4
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v a ry in g a m o u n ts o f a n g u la r
gravel re stin g on b o u ld e r y shale.
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D D —11
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#

Map of surficial materials in a part of
the Vienna Quadrangle, Missouri.
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J
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opportunity to examine and sample the surficial material.

B.

Location

The setting is in the eastern portion of the northeast
quarter of the Vienna Quadrangle.

It is bounded by 38°

09' 37" and 38° 12' 48" north latitudes and 91° 45' 00" and
91° 48' 15" west longitudes.

The Salem Plateau Uplands are

drained by the Dry Fork of the Bourbeuse River, which flows
northeastward across the Uplands.

The almost level Uplands

are separated from the rugged slopes of the Gasconade River
valley to the west by a northeast trending escarpment.

Run

off from the plateau escarpment enters tributaries of Cedar
Creek, flowing toward the southwest, and Long Creek, which
flows northwestward.

The left bank tributaries of Mill

Creek also flow northwestward from the escarpment.

These

streams empty into the Gasconade River to the west.
Detailed explanation of the reasons for SUMAC System
classification assignments is given in the section titled
"Description of Surficial Materials."

Detailed descrip

tions are not given for all of the deposits to avoid repeti
tion.

A diagrammatic cross section (Fig. 9) illustrates

relationships of bedrock surficial material and the land
scape in an east-west setting in the Dover School and the
Terrell clay pit area.
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Salem Plateau Uplands and escarpment, northeastern
part of the Vienna Quadrangle, Missouri.
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C.

Physical Setting

Relief on the Salem Plateau Uplands is subdued.
the most part, slopes do not exceed 1% in gradient.

For
Some

increase in gradient, up to 3 or 47>, exists in the head
waters of Dry Fork.

Slopes steepen up to 5% along Dry Fork

where it leaves the mapped area.

The westward facing

escarpment and rugged countryside of the Gasconade River
watershed are characterized by steep slopes, narrow valleys,
and elongated ridges.

While gradients along ridge crests

are relatively flat, gradients on valley slopes range from
8 to 15%.

Locally, gradients increase up to 25% on some of

the steeper slopes.
The Uplands have a thin deposit of loess, except in
the southern portion of the test area and along slopes
adjoining Dry Fork.

The loess is underlain by clayey

residuum derived from Pennsylvanian aged sedimentary bed
rock.

For the most part, the Pennsylvanian bedrock consists

of shale, although sandstone can be found in many exposures.
Cobble and boulder size chert fragments occur locally,
particularly in the lower portion of the shale.
Some remnants of shale cap the uppermost portions of
the ridges that project westward from the escarpment.
Essentially, however, the bedrock exposed on the western

escarpment face and valley slopes adjoining the Salem
Plateau Uplands, consists of horizontally stratified
Jefferson City-Cotter Dolomite.

This Ordovician-aged

formation has beds of uniform thickness little effected
by weathering on this youthful landscape.

The Jefferson

City-Cotter is underlain by the Roubidoux Formation, a
sandstone and dolomite sequence with an abundant amount
of chert.

Contact of the Jefferson City-Cotter Formation

with the underlying Roubidoux Formation, occurs near the
headwaters of Cedar Creek and Long Creek at an approximate
elevation of 800 feet above mean sea level.

Due to regional

northwestward dips, the contact occurs at an approximate
720 feet elevation in Mill Creek tributaries.
The physical setting is one of contrasts between
steep slopes and flat uplands (Fig.10).

It represents a

location where slopes and valleys on the western face of
the escarpment are being mechanically altered as storm
flows surge downslope toward the Gasconade River.

The

residual soil forming on the dolomite is a plastic,
yellowish-brown (10YR 5/6) clay whose profile development
is affected by shallow depth to bedrock.

The surficial

materials and landscapes on the rugged portions of the
escarpment are relatively, young and intensely affected by
active surface erosion processes.

Figure 10.

Aerial view, Salem Plateau Uplands, escarpment, and
the ridge and valley terrain of the Gasconade River
watershed toward the west. The setting is north of
the Rolla National Airport in the northeastern part
of the Vienna Quadrangle, Missouri.
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In contrast, most of the surficial materials on the
Salem Plateau Uplands represent deposits formed prior to
loess deposition.

The loess, having a well developed pro

file, is thought to be Illinoian in age.
dence of a Sangamon paleosol.

There is no evi

For the most part, the sur

ficial materials that underlie the loess consist of a clayrich deposit having striking colors of red, yellow, and
gray.

Locally, some of these materials have been mistakenly

identified as paleosols, particularly where there are zones
of clay-rich material that have a prominent red color.

The

structure in these soils is somewhat like that of the Sangamon
paleosol.

However, here physical differences in the density,

profile, strucure, and plasticity of these soils, as well as
lack of stratigraphic continuity, indicate they are residuum
from Pennsylvanian shale.
The Salem Plateau Uplands, called Lanes Prairie in this
area, are considered to be peneplain remnants of both the
Springfield and Ozark Peneplains, as defined by Bretz (1965).
Land surfaces above 1100 feet elevation were described by
him as being a remnant of the Springfield Peneplain.

Thus,

all but a small portion of the mapped area on the Uplands
represents a portion of the Ozark Peneplain because the land
surface elevation is below 1100 feet.

One thought of parti

cular interest should be noted here in support of Bretz's
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description,,

The slope, gradual to the point of obscurity,

that he cites as transition between the Springfield and
Ozark Peneplains, is mapped in this study as having surfi
cial materials stripped of loess (Fig. 11).

The surface

portion of the surficial material is a silty clay underlain
by a lag gravel concentrate resting on a bouldery shale
mapped as SUMAC units UU-12/FX-44/HB-14.

Land surface on

the Springfield Peneplain, outside the mapped area, appears
to have loess as the capping deposit, similar to loess on
the Ozark Peneplain remnants.
A poorly cemented lag gravel concentrate residual from
Pennsylvanian sedimentary rock was observed in several
places along the upland channel of the Dry Fork.

This

gravel deposit physically resembles the lag gravel deposits
present on the prairies of the Salem and Springfield
Plateaus in and near the Vienna Quadrangle.

Because of

consolidation, it appears to be a residual concentrate of
transported gravels formed in a lower portion of the pre
existing landscape that has served as the controlling
factor in the present development of Dry Fork drainage.
Bretz (1965), in his discussion of Lanes Prairie and
environs, gives his opinion that the stream pattern on
this prairie can only be a survival of peneplain drainage
(p. 40).

As noted, the properties and distribution of
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Figure 11 .

Diagrammatic cross section oriented north-south to
show surficial material and bedrock relationships
of the Salem Plateau Uplands, northeastern part of
the Vienna Quadrangle, Missouri.
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various SUMAC units would lead one to the same conclusion.
Such examples as this, showing the close relationships
between landforms and properties of surficial materials,
strengthen the concepts that landforms must be considered
as an integral part of a surficial materials classification.
It is conceivable that repetitive association of certain
SUMAC units with distinctive landforms will lead toward the
simplification of regional classification and mapping.
Although studies in such areas as the Vienna Quadrangle
encourage this concept, several years of intensive investi
gations will be needed before this phase of the classifica
tion system can be validated, much less completed.
Bedrock topographic highs of residual Pennsylvanian
material, HB-14, overlying Jefferson City-Cotter Dolomite,
were observed to affect thickness and type of near surface
unconsolidated material near the former Dover School
Buildings (SW^, NW%, NE%, Sec. 26, T.40N., R.8W.).

Here,

only 10 feet of surficial material covers the dolomite
bedrock according to well log data on file in the offices
of the Missouri Geological Survey.

Also, near here, in

exposures along Missouri State Highway Z, loess pinches
out against and/or was stripped off of topographically
high knobs of bouldery clay residuum, SUMAC unit HB-14,
derived from underlying Pennsylvanian shales.

The only
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terrace-like deposit in the mapped area downslope from the
Pennsylvanian and Ordovician bedrock high may have been
formed from loess stripped from the bedrock high and later
protected by it.
Here, as elsewhere in mapped areas (Appendices C, D,
E, and F ) , the physical properties of the modern soil,
especially the "A" horizon, are partially ignored in this
classification and mapping procedure.

Only that portion of

the modern soil profile appearing to offer some clue to the
mode of origin of the underlying surficial material or the
landscape is classified and mapped.

Such examples include

loess where the "B" horizon is a persistent marker, or a
well developed "B" horizon is related to the underlying
material, slope, or drainage conditions.

Thus, the surface

or uppermost unit described and mapped in the classification
system more closely resembles a catena (Buckman and Brady,
1962, p. 324) of pedologic soil types.

D 0 Description of Surficial Materials

The surficial materials are described according to
landscape setting, that is valley alluvium, Salem Plateau
Uplands, and the escarpment slopes.

The alluvium in the

stream valleys on the Salem Plateau Uplands and the alluvium
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in the stream valleys draining westward from the escarpment
is described separately.

The description of the surficial

materials includes some illustrations to explain the reason
ing of SUMAC category and unit assignment.

Comments on

engineering geology implications are included with each
sequence description of SUMAC units.

1.

Alluvial Deposits

SUMAC units AX-27/AX-44/HB-14
(Silt over angular gravel mixed with clay,
silt, and sand. Silty clay residual from
a bouldery shale underlies the alluvium.)
These SUMAC units are present in the headwaters of
Dry Fork and adjoining tributaries.

They occur where there

has been insufficient drainage to have stratified and rounded
the gravelly material.

Stream flow has not been sufficient

to remove clay from the alluvium or to sort the sediments
in the stream valley.

For the most part, this material is

in broad, poorly defined valleys.
The silt surface soil, AX-27, is widespread and persis
tent.

The "AX" designation is assigned since the deposit

is alluvial in origin.

The category "20" is selected be

cause the predominant texture is silt.

The unit "07" is

selected to show that the matrix is clastic, silt, and
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some sand, with little to no clay.

Thus, the designation

"AX-27" indicates the material is transported in origin,
and consists predominantly of silt.

The thickness of SUMAC

unit AX-27 is uniform ranging from 1.5 feet to 2 feet.
Fine to medium size angular gravel mixed with clay,
silt, and sand, AX-44, underlies unit AX-27.

Selection of

category "40" indicates the deposit contains a predominance
of angular to subangular gravel.
can be present.

Some cobbles and boulders

The unit classification of "04" points out

that the matrix is a poorly sorted mixture.

The "44" desig

nation indicates little affect of alluvial processes, thus,
very little transportation.

However, the presence of this

material in a floodplain having a well-defined stream chan
nel, justifies the "AX" parent material assignment, even
though there has been little transportation of the sediment.
The presence of clay is noteworthy, perhaps, because it is
not common in small Ozark stream valleys.

Water accumulates

in the lower depressions of the stream channel indicating
that the permeability is relatively low.
The total thickness of the alluvial sequence, AX-27/
AX-44, is estimated to be 12 to 15 feet in the larger
valleys.

Thicknesses decrease to 5 to 8 feet in headwater

portions of the valleys.
SUMAC unit HB-14 underlies the alluvium.

It consists
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of a bouldery clay derived from the weathering of
Pennsylvanian shale mixed with boulders.

The "HB" parent

material designate indicates the source to be a bouldery
shale„
is clay.

The "10" category shows that the predominant texture
The "04" unit assignment is made because of the

matrix mixture of silt and sand together with coarser frag
ments.

The "14" classification is commonly given to poorly

sorted, fine-textured, residual deposits or those materials
showing few effects of transportation.

Engineering Geology Implications

Most of the valleys occupied by these units are too
broad to be considered as locations for lake sites.

The

extremely flat gradients and the lack of defined valley
slopes do not offer attractive topography for suitable lake
sites.

Some exceptions exist in the smaller tributaries.

The lowermost material of this sequence, SUMAC unit
HB-14, is relatively impermeable.

Thus, if a location

were to be found that was opportune from the standpoint
of topography, construction problems should be routine in
the creation of a lake.

A core trench of adequate depth to

reach the underlying clay-rich residuum, HB-14, would be a
necessary construction step.
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Waste disposal of liquid waste in lagoons in the valley
should proceed with few difficulties.

Obviously, some leak

age would occur in the more gravelly portions of the allu
vium, SUMAC unit AX-44.

However, there is finer-textured

soil available within the area to blanket zones of potential
leakage.

Solid waste disposal sites would be ill-suited be

cause Dry Fork is expected to have a persistently high water
table.

Thus, excavations of any depth, such as might be

necessary for a landfill, would encounter wet subsoils that
are poorly drained.
Foundations could be affected in part by the charac
teristics of the underlying residual materials from the
Pennsylvanian bouldery shale.
cent to boulders of chert.

Soft shales may occur adja

Deeper excavations would be

affected by water-saturated conditions, especially in the
main valley of Dry Fork.

Septic tank drainfields, also,

would be affected by saturated conditions, especially in
the lower portions of the floodplain.

SUMAC units AX-27/AX-57/HB-14
(Silt over subrounded gravel with a silt and
sand matrix.
Silty clay residual from a
bouldery shale underlies the alluvium.)
The surface soil, AX-27, is predominant silt with some
coarse material.
feet.

It ranges in thickness from 1.5 to 2.5

The underlying gravelly alluvial deposit, AX-57, is
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sorted and, except for the finer sized gravel, generally
subrounded.

While there are some clay-rich zones, the

matrix is predominantly silt and sand.
A deposit of some interest is a well-consolidated,
nonpersistent gravel layer, several feet in thickness,
exposed in the lower portion of some banks in the stream
channel.

This gravel layer is being removed by present

stream channel activity.

Since its lateral content is

unknown, it was not mapped.

The consolidation of the gravel

layer is more than would be expected from the effects of
normal alluvial processes.

Physically, it resembles the

lag gravel deposit, FX-44, mapped on the upland prairie.
Thus, there is the implication of a preexisting valley or
at least a preexisting swale or depression on the Salem
Plateau Uplands that had been subjected to subaerial
weathering of sufficient extent and time to form a lag
gravel concentrate.
As an illustration, the SUMAC classification of the
alluvial deposit AX-57, "AXM indicates that the source
of the material is alluvium.
rounded to subrounded gravel.

The "50" category indicates
A unit designation of "07"

shows that the matrix consists of clastic material with
little to no clay.

Therefore, AX-57 indicates a stream

deposit of transported gravel having a matrix of sorted
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clastic material.

Under these conditions, the matrix would

consist predominantly of sand and/or silt.

An abundance of

large rock fragments, cobbles or boulders, would not be
expected.
The stream valley is broad with gentle slopes flanking
the wide floodplain.
1%.

Valley gradient is seldom more than

The adjoining valley slopes are 3 to 5%.

Thickness

estimates of the alluvium range from 15 to 35 feet.

Engineering Geology Implications

There is a hazard of leakage from lakes constructed on
these units.

It is expected also that a cutoff trench

would have to be relatively deep, 20 to 30 feet, if a reser
voir were proposed in the portion of Dry Fork where AX-27/
AX-57/HB-14 deposits occur.
The valley would be suitable for liquid waste disposal
sites if excavation depths are limited.

Artificial sealants

would probably be needed.
Leakage is anticipated both in the surface silt soil,
as well as the underlying gravel.
suited for solid waste sites.

The valley is poorly

Permeable subsoils and high

water tables would severely hinder landfill operations.
Characteristics of foundations would be similar with
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those described for the headwater tributaries to Dry Fork
where AX-27/AX-44/HB-14 deposits occur.

However, water flow

into deep excavations would be expected to be more severe
in the main valley of Dry Fork.
Septic tank drainfields can be used successfully, but
on a limited basis.

Seasonally high water table conditions

are expected to be within 5 to 7 feet of the surface.

How

ever, with better drained conditions in this portion of the
valley than upstream where SUMAC units AX-27/AX-44/HB-14
occur, drainfields, if widely dispersed, will perform satis
factorily.

However, intensive concentration of drainfields

would aggravate saturated conditions when water tables are
high.

SUMAC units AX-27/AX-44/AX-57/RR
(Silt loam over angular gravel mixed with
clay, silt, and sand, underlain by sub
rounded gravel mixed with silt and sand,
resting on sandstone.)
Cedar Creek has eroded downward into the underlying
Roubidoux Formation.

The Roubidoux has been rather easily

affected by stream erosion in Cedar Valley and the valley
fill of alluvial material, especially sand and gravel, is
relatively thick.
The silt surface soil, AX-27, and the underlying
deposit of subrounded gravel mixed with clay, silt, and
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sand, AX-44, are thin and generally persistent, except for
some locally eroded portions„

The predominant deposit in

the valley, silty and sandy subrounded gravel, AX-57, is
a loosely consolidated deposit resting on bedrock of the
Roubidoux.

Chert boulders, generally derived from the

Roubidoux, occur in SUMAC unit AX-57.
The silt surface soil, AX-27, is typically no more
than 2 feet in thickness.

However, the underlying gravel

with clay, silt, and sand, AX-44, is variable in thickness
from 0 to as much as 6 feet.

The total thickness of the

alluvium is expected to range from 8 to 20 feet.
rock surface is uneven.

The bed

Enlarged joints may be filled with

loose debris to depths of several feet below the rock sur
face.

Engineering Geology Implications

SUMAC units AX-27/AX-44/AX-57/RR are of little use in
earthen dam construction except as a source of moderately
to well drained materials for the outer shell of an earthen
dam.

Perhaps the most difficult aspect of earthen dam con

struction in this setting would be the irregularity of the
sandstone bedrock surface.
cipated to be severe.

Leakage problems are also anti
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Waste disposal would be hindered by high permeability.
Shallow excavations, typical of a liquid waste disposal
facility, could be sealed with an artificial sealant.

Deep

excavations would encounter very permeable subsoils that
would be partially saturated at least during a portion of
the year.

Thus, solid waste disposal sites should not be

considered in this setting.
Except for shallow foundations, excavations will
encounter water and be plagued with unstable slopes.

Pin

nacled bedrock surfaces will affect deep excavations or
driven piling.
Septic tank drainfields, if sparsely distributed on
the floodplains, would perform satisfactorily.

However,

intensive concentrations of drainfields will result in
saturated conditions and endanger both surface water and
groundwater quality.

SUMAC unit AX-44/DD
(Angular gravel mixed with clay, silt, and
sand resting on dolomite.)
The steep and narrow valleys that drain westward from
the escarpment have had little opportunity to form deposits
that are typical of an alluvial nature.
little sorting.

There has been

The mixture generally is a poorly sorted

material of angular gravel mixed with clay, silt, and sand,
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thus, the SUMAC category-unit classification of "44".
The deposit is thin, seldom exceeding 4 feet.

It is

underlain by sound bedrock having a relatively uniform pro
file.

The valley floodplain is narrow and the valley slopes

are extremely steep.

Bedrock is exposed in much of the active

portion of the stream channel.

Engineering Geology Implications

The narrow valleys have some potential for water
impoundment.

The most severe limitation would be the lack

of soil cover suitable for construction of an earthen dam.
The alluvial deposits in these narrow valleys are poorly
suited for use as waste disposal facilities, either liquid
or solid.
tions.

The valleys are characterized by low flow condi

Effluent discharge would be into a dry stream bed.

The valleys have few foundation-related potential
problems.

The thin alluvial soil cover is hardly the depth

of a spade.
accomplished.

Thus, inspection of bedrock could be easily
These valleys represent the youngest portion

of the topography within the region, and the underlying
bedrock has been little effected by weathering.

SUMAC unit AX-45/RR
(Angular gravel mixed with silt and sand)
A surficial deposit of poorly sorted angular gravel,
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typical of unconsolidated material in a losing stream
valley, occurs in the middle segment of tributaries to
Long and Mill Creeks.

Surface flow is maintained only

in periods of sustained rainfall due to losses to the
highly permeable underlying bedrock, the Roubidoux Formation.
The intent of the abbreviation "AX" has been described
previously.

The "40" category, also, as previously described,

is for a deposit consisting predominantly of angular gravel.
The "05" unit classification is to show that the deposit is
poorly sorted with little to no fines and having a generally
random oriented fabric.
Lack of sustained surface flow and rapid infiltration
into permeable bedrock, sandstone as indicated by the "RR"
designate, accounts for lack of sorting and few fines.

As

common in poorly stratified deposits with little sorting,
material may range from a concentration of boulders in one
area to gravel in another.

The predominant texture is

gravel, as shown in the mapping and classification scheme.
Thickness is variable from 1 to 8 feet due to the
pinnacled bedrock.

Locally, some accumulations of loose

gravel, cobbles, and boulders, may be as much as 10 to 12
feet thick.
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Engineering Geology Implications

The valleys, while topographically well-suited for
water impoundments, are poor from the standpoint of their
surficial materials and underlying bedrock.

The most

striking feature is the severity of water loss into the
underlying bedrock.

This is shown in a rather straight

forward fashion by the physical characteristics of SUMAC
unit AX-45/RR.
The setting is equally unfavorable for liquid or
solid waste disposal sites„

Location of any type of

facility which would be intended to treat waste would
be likely to seriously contaminate groundwater supplies.
These valleys are groundwater recharge source not only
for groundwater, which resurfaces in the lower portion
of the stream valleys, but also for underlying groundwater
aquifers, particularly in the Roubidoux Formation.
Excavations in the gravelly material of AX-45/RR, will
have little trouble due to water inflow.

The irregularity

of the underlying bedrock surface, however, will hinder
attempts to establish a secure foundation without the need
of bedrock excavations.

Small dwellings, of course, would

not need foundations excavated to bedrock.

The setting is

one which would be subject to flash flooding.

106

SUMAC units UU-27/UU-ll/HB-14
(Silt over clay resting on silty clay
residual from a bouldery shale.)
One exposure and a topographic flattening of a lower
hillslope are the only indications of a possible terrace
deposit.

This feature, center of Sec. 26, T.40N., R.8W.,

is exposed along Missouri State Highway Z.
The terrace indication is based solely on the topo
graphic setting and profile.

The SUMAC UU-27 classifica

tion is intended to show that a silt-rich deposit of unknown
origin forms the upper portion of the sequence.

A clay-

rich deposit, also having an unknown origin, UU-11, under
lies UU-27.

It is probably underlain by a silty clay

residual from a bouldery shale, HB-11, although there are
no exposures to verify this.

The parent material abbrevia

tion of "UU", indicating unknown origin of parent material,
is deliberate in the sense that doubt exists as to the
validity of an alluvial terrace feature at this location.
The deposit is somewhat like a pedisediment in position,
and could be derived from unconsolidated material upslope.
However, no coarse material, sand, for example, is evident
either as a random or sorted admixture.
SUMAC units UU-27/UU-11 are-more than 5 feet in thick
ness.

They lap upslope onto material described later in

the text as VX-42/HB-14.
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Engineering Geology Implications

The setting is one of inadequate areal extent and
location to be considered for water impoundments other
than farm ponds.

No leakage problems would be expected.

Waste disposal siting would also be hindered by the
limited surface acreage of UU-27/UU-ll/HB-14„

Otherwise,

all types of waste disposal facilities should have few
geologically related problems other than proximity to
the floodplain.
Conversely, foundations would have severe problems.
Swell and poor drainage, compounded by downslope soil
moisture movement, would seriously affect footings of
buildings.

2.

Salem Plateau Uplands

SUMAC units UU-12/FX-44/HB-14
(Silty clay overlying a lag gravel deposit
resting on silty clay residual from a
bouldery shale.)
This sequence of surficial materials is restricted
to the higher elevations in the southern portion of the
mapped area„

It seems to represent a thin modern soil

profile from which overlying loessial soils, if they had
been present, have been removed, subsequently, by erosion.
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Inferences as to landscape history have been made previously
in the description of the physical setting of this area.
The lag gravel deposit is variable in texture and
thickness.

For the most part, it is a poorly sorted sub-

angular gravel with the smaller-sized fragments, particu
larly those 1/2 to 1 inch in diameter, being angular in
shape.

Very few fragments show evidence of transport.

Rather, the deposit appears to be a concentrate residual
from weathering of the underlying Pennsylvanian sediments.
The "FX" abbreviation is intended to portray descriptively
the mode of origin.

The "40" category indicates the pre

dominance of angular gravel.

A "04" unit classification

is made to show that the matrix is silt with sufficient
clay for some plasticity.

This is somewhat contrary to

some lag gravel or fragipan deposits having a matrix of
silt with little or no clay.
The Pennsylvanian sedimentary rocks have weathered to
a plastic clay mixed with cobbles and boulders of chert
and sandstone fragments.

Locally, SUMAC unit HB-14 is

silt-rich, but clay predominates.

Bright colors, ranging

from red to green and blue to light gray, are representative
of the HB-14 surficial material deposit.
Well logs show that thicknesses range from 20 to as
much as 40 feet.

However, from the standpoint of describing
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surficial materials relative to ease of excavation, 15 to
20 feet would be more representative of SUMAC units UU-12/
FX-44/HB-14.

Engineering Geology Implications

The topographic setting where these materials are
found is poorly suited for water impoundments, except
for small farm ponds.

Leakage hazards are minor even if

the lag gravel concentrate is exposed in the pond.
The relatively flat upland terrain is well-suited for
waste disposal in sewage lagoons.

However, the shallow

surface soil covering, UU-12, is somewhat thin for the
typical 3 to 5 foot depth sewage oxidation lagoon.

Thus,

the underlying lag gravel deposit, FX-44, can be exposed in
construction.

A soil pad would be necessary in some of the

more gravelly areas.

Deeper excavations into HB-14 material

for anaerobic lagoons or for landfill trenches should pro
ceed without excessive difficulty although padding of very
gravelly areas will still be necessary.
Shallow foundations resting on SUMAC unit FX-44 would
be well-drained and stable.

However, deeper excavations

will be into poorly drained silty clay, HB-14, and some
swelling should be expected.

Boulders can be expected
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to hinder excavations.
Septic tank drainfields will have problems related to
impedence of downward drainage by SUMAC unit FX-44.

Limited

intensity of septic tanks as a waste disposal means will not
seriously affect surface water quality.

However, concentra

tions of drainfields will saturate the shallow soil overlying
SUMAC unit FX-44.

SUMAC units EX-11/EX-27/FX-44/HB-14
(Silty clay over silt resting on a lag
gravel which in turn rests on silty clay
residual from a bouldery shale)
Most of the Salem Plateau Uplands are covered by a
thin layer of loess.

It is considered to be a single loess

deposit with the upper clay-rich horizon, EX-11, represent
ing that of a profile well-developed through a prolonged
sequence of weathering.
The "EX" classification indicates the eolian source
of the clay and silt deposit.

The "10" category indicates

the predominant texture is clay.

The "01" unit designate

shows that the matrix is a plastic clay.

It might be well

to note again that the "A" horizon of the modern soil pro
file is not used in SUMAC classification, and many SUMAC
units represent a catena of soil .types.
Silt-rich loess, EX-27, underlies the illuviated clay
horizon.

This portion of the loess deposit is considered
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to be the parent material source for the overlying material,
EX-11.

Physical changes related to increased silt content

in SUMAC unit EX-27 are apparent, especially color, perme
ability, and soils mechanics properties.
The loess cap averages 3 feet in thickness.

There are

some local variations where thickness increases to 4 or 5
feet in depressions on the pre-loess land surface.

Con

versely, in other small locales, loess pinches out against
small residual hills of the pre-loess landscape.
The lag gravel deposit, FX-44, is a well-consolidated
and poorly sorted angular to subangular gravel with the
voids filled by silt and some clay.

The larger gravel frag

ments show some degree of transport.

This deposit, FX-44,

is considered to be a lag concentrate as the result of
weathering from underlying Pennsylvanian deposits.

It

probably would be mapped as a fragipan in USDA studies,
although there is somewhat more clay in the matrix than is
customary for a typical fragipan.

The thickness of the

gravel blanket averages 1% feet, but may range up to 4 or
5 feet.

Areas of greater thickness are those settings of

pre-loess landscape depressions.
Physical properties and occurrence of SUMAC unit HB-14
have been described previously.

Thicknesses given in the

previous sections also apply here.
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Engineering Geology Implications

The setting is well-suited for most types of waste
disposal sites except where the loess cover is thin or
absent.

However, a dense concentration of septic tank

drainfields would saturate surface soils above the lag
gravel, FX-44.

Comments made on water impoundments and

solid waste sites in the description of SUMAC units UU-12/
FX-44/HB-14, in general, are pertinent here.

SUMAC units VX-42/HB-14
(Angular gravel with a silty clay matrix
resting on silty clay residual from a
bouldery shale)
The steeper slopes, 2 to 57o, adjoining Dry Fork,
have been stripped by erosion of finer textured surface
materials.

A colluvial mixing of the lagged remains has

occurred on these slopes.

The process is intermittently

accelerated by tillage on terrain easily affected by erosion.
There are flatter portions of the slopes where 1 to 3 feet
of clay-rich soils have been preserved.

These could be

shown on larger scale maps and no doubt would be mapped as
different modern soil types.
The "VX" description in the SUMAC classification is
intended to describe the processes of slope creep and mix
ing of textures.

A category assignment of "40" shows the
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predominant angular gravel texture.

The unit "02" repre

sents a low to moderately plastic clay.

The intent of the

"42" classification is, therefore, to describe a surficial
material of angular gravel fragments in a silty clay matrix
having a randomly oriented fabric.

These features are com

mon to a colluvial deposit.
The thickness of VX-42 is estimated to range from 8
to 12 feet.
slopes.

Increases in thickness occur along lower valley

Thickness and descriptions of the underlying silty

clay mixed with boulders, HB-14, have been given previously.

Engineering Geology Implications

Water impoundments will have minor leakage problems
in the gravel-rich portions of VX-42.

However, the silty

clay matrix is more effective as a sealant in practice than
it would appear from examination of individual exposures.
Liquid waste disposal facilities using sewage lagoons will
have more problems than ponds.

Hillslope excavations to

balance cut and fill for shallow, flat grade impoundments
will result in significant lateral leakage through the side
hill excavation portion of the facility.

Similar hazards of

downslope migration of leachates from a solid waste site
should also be considered.
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Foundations would be well-drained and would rest on
subsoil having only slight swell problems.

Only local zones

deficient in gravel would have drainage and swell problems.
It is unlikely that excavations would be of sufficient
depth to reach the underlying bouldery clay, HB-14.

Features

common to this unit relative to engineering geology implica
tions have been described previously,
Drainfield disposal of septic tank wastes would be
hindered only if an intense use of septic tanks occurred.
Intense, as used in this context, refers to more than two
drainfields per acre.

3.

Salem Plateau Escarpment

SUMAC unit DD-11
(Clay overlying dolomite)
The escarpment is characterized by a relatively thin
deposit of soil on a youthful land surface.

The residual

deposit is a yellow-brown (10YR 5/6) plastic clay.

Some

angular gravel-size fragments, residual from the underlying
dolomite, can be found throughout the deposit.
profile is poorly developed.

The soil

Plaster and Sherwood (1971)

described the retardation of soil profile development where
carbonate-rich solutions slow clay migration.

This appears

to be commonplace on the Salem Plateau Uplands escarpment
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where the dolomite bedrock is covered by a veneer of clayey
surficial material.
The parent material source, dolomite, is designated by
the "DD" abbreviation.

The "10" category assignment indi

cates the clay-richness of the material.

A "01" unit desig

nation indicates the predominance of clay even as the matrix.
Thus, the deposit can be described as a highly plastic clay,
subangular blocky to massive and generally yellowish-brown
(2.5YR to 10YR).

The origin is variable, but in this set

ting, is residual from dolomite, as shown by the descriptor
DD-11.
Thickness of SUMAC unit DD-11 is uniform, 1 to 3 feet.
Some exceptions, such as areas of bare bedrock, could be
shown on large scale, for example, 1:500 maps.

Engineering Geology Implications

The steep slopes and narrow ridges are poorly suited
for any type of waste disposal sites.

Soil thickness is

inadequate, except possibly on the crests of broader ridges.
Here, the locations would be suitable only for small sewage
lagoons or a few septic tank-drainfield facilities.

No

consideration could be given to locating solid waste sites.
Obviously, water impoundments have little possibility for
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success except in some steeper valleys.
Foundations would experience problems primarily
associated with need of rock excavation.

If the foundation

was founded on the clay alone, considerable problems should
be expected due to swell and poor drainage.

SUMAC unit HB-14
(Silty clay residual from a bouldery shale)
Portions of some ridge crests that project westward
from the Salem Plateau Uplands escarpment are capped by a
veneer of Pennsylvanian-age sedimentary bedrock.

A thin

cover of these deposits also remain on the escarpment face.
This material, representing the weathered remains of
Pennsylvanian bedrock, is thin and nonpersistent.
The deposits mapped as HB-14 range from plastic, red,
yellow, and gray clay to boulders of sandstone and some
chert.

However, the most widespread portion is a silty

and sandy clay mixed with cobbles and boulders.

The

assigned SUMAC classification, HB-14, is one representing
a mixture of clay-rich material having a silty and sandy
clay matrix.

Locally, cobble and boulder deposits exist,

but are not extensive.

The bouldery shale parent material

source mentioned previously, is designated by the "HB"
abbreviation.
The thickness of SUMAC unit HB-14 is variable due to
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the effects of active erosion; an average would be 8 feet.
It merges laterally on the escarpment face with the residual
clay derived from the underlying dolomite, DD-11.

Engineering Geology Implications

The ridge top and upper slope setting of SUMAC unit
HB-14 is not a favorable location for lakes.

A small farm

pond is the only possible choice for water impoundment.
Except where there is a persistence of coarse materials,
material mapped as HB-14 is suitable for sewage lagoons.
Inadequate thickness of the deposit and permeability of
coarse material are the primary disadvantages.
It is unlikely there is sufficient acreage in any one
area of HB-14 to accommodate a solid waste disposal site.
The variability of materials and thin deposits would hinder
trench excavation.
Foundation problems are expected to be moderately
severe.

It is likely that an exposed foundation would

find some deposits of plastic clay, subject to swelling,
adjoining deposits of cobbles or boulders in a silty clay
matrix.

It might be necessary to remove the material and

backfill with a compacted fill to establish a uniformity
of foundation material.
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Septic tank-drainfield facilities would have several
problems.

Relatively impermeable clay zones intermixed in

deposits of clay mixed with cobbles and boulders would
hinder installation, as well as drainage.

E„

Discussion of Classification Procedures

The reasoning for assignment of each category and unit
has been outlined in some detail for a few of the surficial
material units in the Vienna Quadrangle.

However, no dis

cussion was directed toward the advantages and disadvantages
of the SUMAC System.

While the strengths are considered to

outweigh the weaknesses, there are some disadvantages to be
considered.
Strengths - Advantages of the SUMAC System have been
commented on generally in preceding chapters.

The following

paragraphs illustrate specific instances.
The strength of the SUMAC System that has been mentioned
most frequently is that the system assists in classification
and mapping of surficial materials, regardless of the age
or landscape position of the material.

The SUMAC System

provides a means to categorize surficial materials based
on physical properties, as well as mode of origin.

A

rather common type of surficial material found in the

northeast portion of the Vienna Quadrangle can be used to
illustrate this point.

This surficial material consists

of a clay, mixed with boulders, that has been derived from
the weathering of a Pennsylvanian shale and sandstone bed
rock.

Examination of this material shows it to be pre

dominantly clay, category "10", with a matrix of silt and
sand, unit "04".

This material has moderate plasticity, is

generally colluvial or residual, and poorly sorted (Appendix
A).

The parent material is a bouldery shale, "HB".

Thus,

the surficial material is described and mapped as SUMAC unit
HB-14.

Geologically, there is little more that can be

stated about it.
tification.

There are no paleosols to aid in its iden

If one chose to ignore the SUMAC System, the

clay mixed with boulder material could be described and
mapped as Pennsylvanian residuum, but that could vary from
sandstone to shale.
From an engineering aspect, the bouldery clay would be
described (Unified System) as "CH".
could be found.

Locally, "CL" material

The bouldery clay could be described as an

"A-6" or "A-7", using AASHO procedures.

These two engineer

ing classification systems indicate properties relating to
settlement, swell, plasticity, and permeability.

This is

excellent for engineering purposes, but contributes little
to geologic mapping and classification.

Since HB-14 is
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covered by a modern soil over most of the mapped area,
there would be no USDA modern soil appellation to this
particular underlying surficial material.

Thus, one of

the strengths of the SUMAC System is the capability of
the system to allow for the classification and mapping of
a material, regardless of its position, exposed or buried,
and to convey some information on its mode of origin.

The

SUMAC System gives an indication of the fabric of the mate
rial, as well as its secondary constituents, for example,
boulders, a probable remnant from the bouldery shale parent
material.
Another strength of importance, equal to the ability
to classify and map, is the ability to correlate.

The

SUMAC System, in the establishment of a standard parent
material-surficial material classification system, provides
the framework of reference for correlation needs.
SUMAC unit HB-14 can be used as an example.

Again,

This unit has

been mapped in two quadrangles, Vienna and Cuba (Appendix D) .
Therefore, when one describes a surficial material near Cuba
as HB-14, the reader has an image of a type of surficial
material that is somewhat like the unit that was described
and mapped in the Vienna Quadrangle.
If one were using the two engineering-related classifi
cation systems, materials described as CL, CH, A-6, or A-7,
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could range from yellow-brown clay residual from the
Jefferson City Dolomite, to the clay subsoil of the Gerald
silt loam, a modern soil developed in loess.

Both of these

extremes occur in the Vienna and Cuba Quadrangles.

Since

SUMAC unit HB-14 is usually covered by 3 or 4 feet of loess
and other material in the Cuba Quadrangle, USDA mapping
procedures would not include this type of surficial material
in the mapping program.
To carry the HB-14 example further, SUMAC unit HK-11
is mapped in the Rolla Quadrangle.

This unit is also a

residual deposit on Pennsylvanian shales.

However, the

SUMAC classification indicates there is little correlation
between this material and the surficial material, HB-14,
resting on Pennsylvanian sedimentary rock in the Vienna and
Cuba areas.

As can be gained from data in Appendix A,

HK-11 would be a highly plastic shale and there would be
fewer large rock fragments as a secondary constituent.

This

offers some basis of evidence that surficial material resi
dual on Pennsylvanian shale, in the Rolla area, should not
be correlated with surficial materials residual on
Pennsylvanian shale in the Vienna and Cuba areas.
If the SUMAC System has strengths in the classification,
mapping, and correlation of surficial materials, then it
should have the potential strength needed to support the
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formal geologic definitions of names and type areas or
type sections for the more significant and widespread
types of surficial materials.

This naming of major surfi

cial material deposits should be in accordance with policies
established for the assignment of formal names to rock forma
tions or to soil stratigraphic units, as defined in the Code
of Stratigraphic Nomenclature (American Association of
Petroleum Geologists, 1970).
The SUMAC System incorporates data on physical proper
ties, and the fabric of the deposit in surficial material
identification and relates the surficial material to its
parent material.

Thus, there exists the means to identify

and then to map a deposit, the principal requirement in the
definition of a formation, or as used in the Code, a "soil
stratigraphic unit."

This is a long term goal, not achiev

able in the immediate future, and perhaps, not totally
desired in the classification of surficial materials.

The

marked variability of surficial materials caused by slope,
parent material, drainage conditions, and landscape age,
results in a vast array of surficial materials.

Only a few

will be of sufficient areal extent to warrant more than a
coded designation, as outlined in the SUMAC System.
Weaknesses - Perhaps the most difficult chore in
applying the SUMAC System is the determination of texture
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and particle shape.

The SUMAC System uses these properties

as important criteria, although not to the exclusion of
geologic position and fabric.

Determination of particle

shape and arrangement can be made with reliability at
individual sites.

However, when these data are projected

over a broad area, the variability common to surficial mate
rials negates some of the data accuracy gained from the
sampled sites.

An example of this in the Vienna Quadrangle

is SUMAC unit AX-44.

This is an alluvial deposit present

in some of the tributary valleys draining westward from the
Salem Plateau Uplands.

Laboratory data from one sampled

site indicated that this deposit was mainly a silty gravel.
However, field examinations at various exposures indicated
that the alluvium ranged from silty gravel to gravel with a
clay and silt matrix.

The latter was more common, thus,

the category-unit assignment of "44".

This was also in

accord with the source of clay-rich sediments in the water
sheds of these stream valleys.

The point is that variability

of deposits, especially alluvial material, is such that
uniformity in mapping and sampling is not always achieved.
One of the more difficult decisions in mapping surfi
cial material occurs in the mapping of residual materials
derived from a variable parent material source.
example is SUMAC unit HB-14.

A typical

The parent material is a
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bouldery shale and sandstone of Pennsylvanian age.

The

Pennsylvanian bedrock is known to vary from predominantly
shale to predominantly sandstone.

Where the latter is

present, the surficial material is more sandy and usually
has a high percentage of sandstone boulders and smaller rock
fragments incorporated in the surficial material.,

Thus,

there is a marked difference in the properties of the surfi
cial material.

Unfortunately, this variation cannot be

mapped with a significant degree of accuracy, unless much
subsurface data is available and there are numerous exposures,
such as in road cuts.

Even then, if the deposit is covered

by an unrelated modern soil, Gerald silt loam, for example,
the sketching of boundaries of SUMAC units common to sandrich or shale-rich parent materials is approximate at best.
Determination of angularity is also based on an esti
mate, unless one follows the tedious particle shape measure
ments as outlined by numerous authors, Pettijohn (1957,
p. 49), for example.

The usual variability of particle

shape in the field negates the usefulness of such precision.
Thus, the choice is one of field judgement as to whether
the average particle is angular to subangular or rounded
to subrounded, as used in the SUMAC System.

For example,

an upland lag gravel in the Vienna Quadrangle is classified
as SUMAC unit FX-44.

This was based on a field decision
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that most of the fragments were gravel size and angular to
subangular.

However, some subrounded gravels occur in these

accumulations and may exceed the percentage of angular to
subangular particles in some portions of the deposit.

The

field evaluation of this percentage is approximate at best.
Some investigators may choose to be more precise in deter
mining particle shape.

Others may choose the alternative

that field conditions are too variable to accept particle
shape as a valid surficial material parameter.

The most

precise methods of classification and mapping lag gravel
like concentrates are to be found in USDA Soil Taxonomy
Procedures (USDA, 1973, p. 92).

From the aspect of surfi

cial material geologic studies, it seems more important
to concentrate on modes of origin and lateral continuity,
than to repeat the detail of mapping used by pedologists
in modern soil classification.
Regardless of the classification procedures used,
errors in field mapping of surficial materials may exist
in the location of boundaries or contacts between different
types of unconsolidated material.

As is repeatedly men

tioned throughout the text, changes in properties of surfi
cial materials are transitional.

Most of the data used to

judge these changes are limited by the time and expense
needed to acquire subsurface information.

Thus, The contacts
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shown on a surficial materials map, for example, may
represent a lateral transitional change of several hundreds
of feet and a vertical transition of 20 to 30 feet.
In extreme cases, there exist transitional changes of
several thousands of feet.

An example of this occurs north

east of Cuba where bouldery shale and bouldery sandstone
occur.

Here surficial materials vary from HB-14 to RB-44

as the result of gradual bedrock facies changes.

Thus, the

transition in types of surficial materials is also gradual
over a broad area.

The mapped boundary between SUMAC units

HB-14 and RB-44 is approximate at best.
Alternatives - The most common classification techni
ques used to date are descriptions of the modern soil in
accordance with USDA procedures.

Comments, in general terms,

are usually included to describe the characteristics of the
underlying surficial materials, such as residuum.

If the

deposit is foreign to the bedrock, alluvium or colluvium,
for example, no taxonomic or standardized descriptive
method exists other than the Unified, AASHO, or verbal
geologic descriptions.

The former two procedures account

for materials according to plasticity, texture, and settle
ment properties.

Verbal geologic descriptions vary from

area to area, and usually emphasize the age of the deposit.
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Alternatives other than the SUMAC System are limited
to the point of being inadequate for classification and
mapping of all surficial materials.

The SUMAC System,

while serving as the only available standardized procedure
for classification and mapping of all surficial material
overlying bedrock, is not suggested as the only method by
which formation identities can be established.

If there

is a need for automatic data processing of physical property
information, coding, such as in the SUMAC System, would
assist.

As previously noted, if surficial materials can be

correlated over a relatively broad area, across several
counties for instance, the ultimate alternative would be the
establishment of a formation identity and type section in
accordance with standard geologic procedure (American
Association of Petroleum Geologists, 1970).

A precedent

for this exists in the establishment of the Ferrelview
Formation to identify a Pleistocene deposit in northern
Missouri (Howe and Heim, 1968).

Willman and Frye (1970)

discussed the use of rock and time stratigraphy in the
classification of Pleistocene deposits in Illinois.

How

ever, they did not map or classify surficial material that
could not be dated, for example, the residual soils of
southern Illinois.
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Cost Analysis - The area mapped covers slightly more
than 12 square miles.

An hour or less was used to check

existing data, especially well logs.
4 days.

Field time required

Laboratory analysis of soil samples required 4

more days.

An additional 4 days were needed for manuscript

preparation.

Thus, 16 to 20 days would be a representative

period of time for this small area.
The mapping and classification of surficial materials
in this area followed closely after similar work in four
7 -minute quadrangles or slightly more than 200 square
miles.

Many of the units were similar, thus, the field time

per square mile in the Vienna Quadrangle is considered less
than normal.

Also, the relationships among the surficial

materials were rather simple.

A more reasonable time esti

mate for field work would be 5 to 6 days if more complex
relationships existed or access was difficult.

Thus, the

total time for 12 square miles would be approximately 18
to 22 days.
The man days needed to classify and map surficial
materials in a small area is excessively high because of
detailed sampling required in the initial phase of field
mapping.

As an example, time required for the Rolla Quad

rangle, which would not include time for manuscript prep
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aration was approximately 1 man day per square mile even
though the Rolla Quadrangle was more complex and road access
more limited than the northeastern portion of the Vienna
Quadrangle.

However, after SUMAC categories and units

representative of the surficial materials in the Rolla
Quadrangle were established and sampled; the mapping
could be carried forward with greater rapidity.

Thus,

high costs per square mile are involved in small areas
on project initiation, but if prorated over a wider region,
become less.

F.

Land Use

1.

Methods

The geologic evaluation of a region for land use
purposes is similar to the field-oriented procedures used
in surficial material classification and mapping.

The

estimation of performance of existing structures, excava
tions, and natural slopes, is the most useful and direct
method to evaluate geologic-related affects of land use.
Natural events, such as evidence of flooding, should be
recorded.

Natural features, such as landform shapes,

provide evidence concerning both permeability and texture
of materials.

Obviously, reasonable effort should be given
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to acquisition and use of soils mechanics data, but not to
the extent of site evaluation over regional assessment.
Limitations for land use assigned to the surficial
materials in a portion of the northeastern quarter of the
Vienna Quadrangle (Fig„ 12), are based on ratings estab
lished in Chapter V.
should be avoided.

However, dogmatic use of these ratings
Slope, thickness, and knowledge of local

conditions are extremely important.

For example, SUMAC unit

HB-14 has many admirable qualities for solid waste disposal
facilities.

However, some portions of the HB-14 areas in

the Vienna Quadrangle consist of thin weathered remains of
bouldery shale on ridge tops formed of dolomite.

Thus, con

sideration of topography, thickness, and the implications of
leakage problems related to a long period of weathering,
must take precedence over the purely physical properties of
the surficial materials.

A land use classification system,

such as suggested in Chapter V, is intended for use as a
guideline and not to replace judgement of geologic conditions
and history peculiar to the area being evaluated.
The suggested procedure for application of the land use
ratings is to consider first the limitations of each
sequence of surficial material and underlying bedrock.

This

need be no more than an averaging of the assigned limita
tions for each sequence of SUMAC units.

A more detailed
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0_________ 1000 FEET

Limitation ratings
0 — none
1 — s lig h t
2 — m o d e ra te
3 — severe

Figure 12 .

Land use map constructed on the basis
of data in Table III to illustrate
properties and relationships of surfi
cial material and bedrock on sanitary
landfill operations.
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explanation of this process and discussion of computerlinked derivative mapping is given by Tilman et a_l. (1975).
Once the initial evaluation has been determined, a limita
tion assignment should be based on local conditions, slope,
for example, as previously noted.
sequence to sequence.

This will vary from

For example, solid waste facilities

can be operated on slopes ranging from 0 to 25%, depending
on equipment and land available, climate and the like.

2.

Limitations

Problems of land use rating assignment have been
alluded to in the outline of methods suggested for land use
evaluation of surficial material data.

The most specific

limitations include effects caused by variations in thick
ness, slope, geomorphic and hydrologic setting.
these variables may exist for one deposit.

All of

SUMAC unit AX-44,

in the Vienna Quadrangle, is an excellent sample.

Each of

these variables can change an on-site rating from the rating
assigned on a regional basis in the surficial materials
study.

The basic limitation of a regional land use study

is the inability to correctly recognize local variations.
This problem exists, regardless of the classification system
being used to make the evaluation.

If the system does pro

vide for an input of field conditions and performance data
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of existing facilities, the difficulty of accounting for
possible local variations is lessened somewhat.

3.

Illustration

Only a land use classification and map for solid
waste facilities are considered here as an illustration of
the SUMAC System (Fig. 12).

In addition to limitations

assigned in Chapter V, thickness of surficial material,
slope, and depth to groundwater, are added as factors
influencing limitation ratings.

For example, suficial

material thicknesses of more than 20 feet have no limita
tions (0), 12 to 20 feet have slight limitations (1), 6 to
12 feet have moderate limitations (2), and less than 6 feet
have severe limitations (3).

Slopes of 0 to 4% gradient

have no limitations (0), 4 to 8% have slight limitations
(1), 8 to 127o have moderate limitations (2), and over 12%
have severe limitations (3).

All areas subject to peren

nial or frequent water saturation and/or flooding have
severe limitations (3).
Only the trench-filled method of landfilling is con
sidered.

Area spreading would have different, generally

less severe, limitation ratings.

No consideration is given

to location, road access, or other engineering, geographic,
or monetary factors.

Limitation ratings given in Table III, Chapter V,
were used and modified where needed.

For example, SUMAC

units EX-11/EX-27/FX-44/HB-14 have a combined average
limitation rating of 1.2, or in the lower portion of the
slight limitation rating for landfill operation.

This

procedure is distressingly simple, perhaps, but more
complex methods might exceed the accuracy of data avail
able for regional studies.
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VIII.

CONCLUSIONS

Surficial materials can be mapped and described,
regardless of position and mode of occurrence.

It is

not necessary that time-stratigraphic boundaries be
established.

It is necessary, however, to pay heed to

basic geologic concepts of classification and mapping
using arrangement and positioning of sediments, and the
fabric of the surficial materials.

Otherwise, a classi

fication becomes only a grouping of materials based on
physical properties.

Such a mechanical process of classi

fication offers little to fulfill one of the basic aims
of geology (Lyell, 1873, p. 1).

As defined by Lyell.

. .

"Geology is the science which investigates
the successive changes that have taken
place in the organic and inorganic kingdoms
of nature; it enquires into the causes of
these changes, and the influence which they
have extended in modifying the surface and
external structure of our planet."
In testing the applicability of the Surficial
Materials Classification (SUMAC) System to map and describe
surficial materials, it has been possible to classify all
unconsolidated materials encountered in the test areas.
Perhaps of greater importance, the system allows for repeti
tive classification and mapping of surficial materials with
strong emphasis on the fabric of the material.

Thus, a
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student is able to reconstruct the events of the past.
This task, as described by Bradley (1963, p. 16), is one
where a geologist can make a significant contribution.
The investigation for this study began as an attempt
to map surficial materials on the Salem Plateau Uplands.
Some of these materials, loess, for example, could be
mapped using time-stratigraphic boundaries, but most of
the materials on the Uplands consisted of residual, trans
ported or colluvial deposits.

Because time-stratigraphic

markers were not present in this type of surficial material,
it became necessary to develop a systematic means for classi
fication and mapping of surficial material.

The SUMAC

System was devised so that these materials, regardless of
mode of origin, could be classified and mapped with at
least some degree of uniformity from area to area.

This

goal was achieved.
In the process of the classification and mapping
effort, it became apparent that much could be learned
about landform development based on the fabric of the
surficial materials, their relationship to parent or
underlying bedrock, and position of the material on the
landscape.

Contrary to the opinion expressed by Jenny

(1950, p. 47), that systems of soil classification based
upon geologic features lack generality, results of the
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surficial materials study showed that a close and logical
correlation existed between the physical properties and
fabric of the surficial material, and the hydrogeologic
setting of the parent or underlying bedrock.

It has been

shown in the mapping of the test areas that geomorphic
concepts of landform development can be strengthened with
evidence obtained in the mapping and classification of
surficial materials.

In the field mapping application of

the SUMAC System, the categories and units established as
the framework of the system were adequate for material
classification, as well as for landform analysis.
Mapping of surficial materials should be done on maps
with scales at least as large as 7%-minute quadrangles
(1:24,000).

Surficial materials grade laterally, and in

places, vertically.

This problem of boundary transition

is further complicated when one considers the cost and
time needed to obtain detailed subsurface information to
establish more precise boundaries.

Thus, maps with large

scales tend to imply greater accuracy than is feasible
in areal mapping.

Such quantification, also, is likely

to result in definition of an excessive number of surficial
material units with the result that regional trends and
geohydrologic relationships cannot be easily visualized.
Surficial materials can be mapped on 15-minute
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quadrangle scale maps with little loss of information on
upland deposits.

However, it is difficult to properly

define lower slope deposits, terraces, and variations in
alluvium at this scale.

Even smaller scale maps, for

example, the Army Map Service sheet with a 1:250,000 scale,
provide a useful base in the portrayal of regional trends
of surficial materials.

The hazard in map scale selection

for surficial material mapping is not in selecting too small
a scale, the hazard is in selecting a scale that would imply
precision greater than that obtained in the mapping process.
Some account of the modern soil seems to be needed in
the classification and mapping of surficial materials.
However, too much emphasis on the modern soil will detract
from the basic intent of mapping surficial materials.

Many

soil types are likely to exist in an area having only one
sequence of surficial materials.

The procedure usually has

been to include those modern soils that have some mappable
properties in a geologic sense, for example, soils that are
loessial in origin, soils having a lag gravel concentrate
(fragipan), and the surface profile of alluvial soils.

The

tendency in this study was to give too much emphasis to the
modern soil, especially the alluvial deposits, to the extent
that more sequences of surficial material were defined than
necessary.

For the most part, it is appropriate in the mapping
of surficial materials to include the relationship of the
surficial materials to the underlying or parent bedrock.
However, this procedure can become tedious in the classi
fication of alluvial deposits.

Unless a detailed geologic

map is available, or is being made along with the surficial
material study, there is, also, considerable speculation
as to the type of bedrock beneath many alluvial deposits.
Lastly, because of the many variations of bedrock, as well
as alluvial materials along a valley, an inordinate number
of map units is defined.

An alternative procedure is to

map only the alluvial deposits and ignore the underlying
bedrock.

The greatest loss as the result of this proce

dure would be in making interpretative land use maps from
the data on the surficial materials map.

Also, one has to

give some thought as to which procedure to follow in mapping
surficial materials in a losing valley.

Material in such

a valley is more apt to be colluvial, rather than alluvial.
Regardless of the mode of origin or whether the investiga
tor chooses to include the parent or underlying bedrock, it
is important to clarify the mode of occurrence for surficial
materials in a losing valley.

Otherwise, one of the most

important aspects of the SUMAC System, the fabric of the
deposit, will have been ignored.
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While the emphasis has been on field evaluation of
the surficial material deposits in the classification pro
cedure, laboratory data, especially for the finer-textured
materials, are important.

Although it is advantageous to

have information available on many soil properties, the most
useful are those as defined by the Unified Classification
System, especially the Atterberg limits.
Evaluation of land use limitations, based on informa
tion taken from surficial material data, has been rather
easily demonstrated in the written text and in tabulated
form.

Experience in use has shown that a four-part rating

scale is preferred with ratings of severity ranging from
no limitations through slight, moderate, and severe.

The

first two imply routine geologic problems with some more
investigation needed in areas rated "slight."

Consider

ably more investigation and risk is involved in areas
rated "moderate."

Extensive investigations and a likeli

hood of failure is implied in an area given a severe rating.
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IX.

RECOMMENDATIONS

The classification and mapping of surficial materials
using the Surficial Material Classification System has been
in areas where residual and alluvial soils predominate.
Applicability of the system has yet to be demonstrated in
areas having mostly glacial drift deposits.

Obviously,

the SUMAC System can be applied, but whether it will offer
an improvement to the already established geologic proce
dures for classification and mapping of glacial drift
deposits, is not known.

Thus, testing of the SUMAC System

is needed in areas with widespread Pleistocene sediments.
No studies have been completed in areas having igneous
bedrock.

Such work should be undertaken to assist in

establishing appropriate categories and units for SUMAC
classification of surficial materials where igneous bedrock
is widespread.

It is believed, at present, that the SUMAC

System will be more easily applied and useful in areas
underlain by igneous bedrock than where the sediments are
primarily glacial drift.
Perhaps one of the most important recommendations is
to emphasize the importance of regional mapping to test
the usefulness of the SUMAC System.

The test areas were

selected in widely scattered areas.

However, several years
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of use of the system over broad areas is needed to fully
assess the merits of the various definitions established
for parent material groups and surficial material categories
and units.

No system to accomplish this has been proposed

other than the SUMAC System.

Until a rather broad effort

on the part of several investigators has been dedicated to
the mapping and correlation of many areas having different
types of surficial materials, no final judgement can be
made on the merits of all or portions of the SUMAC System.
Initial efforts are encouraging, but one must remember that
only five quadrangles on the Salem Plateau and a portion of
the Mississippi Alluvial Plain were studied in detail.
While background data for the SUMAC System were taken from
many sources, national and foreign, the system can be vali
dated only if proven useful in the field.
Specific areas recommended for surficial material
classification and mapping using the procedures described
in this study should include portions of central and
southern Illinois where Pleistocene and residual materials
provide an opportunity for comparative mapping and classi
fication.

Many areas of northern Missouri offer excellent

locations for experimentation with the SUMAC System, where
glacial drift deposits are widespread.

Northern or western

Missouri, or portions of Kansas, also, provide a setting
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where thin soil residual over shale with interbedded
limestone, sandstone, and coal, would test the applic
ability of the SUMAC System in still a different environ
ment.

The St. Francois Mountains of southeastern Missouri

have a variety of igneous bedrock that would assist in
enlarging the SUMAC System to account for surficial mate
rials over or derived from igneous bedrock.
Specific technical aspects of the SUMAC System should
be tested along with the mapping of specific areas.

Sug

gested aspects of study include the validation of parameters
used to describe the SUMAC categories and units.

Data for

these were researched from published and unpublished litera
ture in the beginning stages of this study.

Laboratory data

were compared with field classification of surficial mate
rials as each of the quadrangles was mapped.

What has not

been determined yet in sufficient detail, is the reliability
and repeatability of parameters, such as color, Atterberg
limits, and gradation used to define different categories
and units.

To accomplish this will require testing of

samples for each category and unit to determine if the
present boundaries are adequate, more boundaries are needed,
or boundary conditions need adjustment.
Mapping was done only on 1\ and 15-minute quadrangles.
Mapping should be done on smaller scale maps to verify
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usefulness of the SUMAC System in broad regional studies.
Mapping at a large scale, 1:10,000, perhaps, could be
attempted although much caution is urged to avoid overextension of available information.
Applications of surficial material data to land use
planning have been suggested throughout this study.

The

physical properties that characterize SUMAC units also
apply in part to information needed for many derivative
maps.

Thus, the test application (Chapter VII) of a

SUMAC map as a data base for a landfill derivative map,
was accomplished with ease.

However, a variety of deriva

tive maps representative of diverse terrain types, should
be constructed.

Evaluating the usefulness of a SUMAC map

as a primary data source for land use derivative maps is
recommended as an important phase in testing the applica
tions of the SUMAC System.

Further effort should be given

to this specifically in the aspect of ease of data transfer
from the SUMAC System to a rated system based on severity
of hazard.

The transfer of data from a surficial materials

system to a land use map based on a four-part rating of
severity can be accomplished with little effort.
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APPENDIX A

CLASSIFICATION AND PARAMETERS OF
SURFICIAL MATERIAL DEPOSITS

1.

Introduction

Each surficial material classification unit is a
portion of a system that classifies all surficial materials
into category-unit-combinations and relates them to parent
material groups (Tables I and II, Appendix A).
With the variations that occur in the landscape,
boundaries between types of surficial material deposits
usually are transitional.

The selection of properties

used to define units, categories, and groups, is intended
to recognize this range of variations and difficulties of
mapping materials that have lateral and vertical gradation.
The SUMAC System is intended for use primarily in the map
ping of surficial materials.
stitute for engineering needs.

It is not intended as a sub
For example, Casagrande

(1948) cautioned against the development of a classification
system that could describe all properties for all potential
uses.
The descriptions of SUMAC categories and units given
in the parameter outline are intended to assist in
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Table A.I.

Parent Material Classifications
U N C O N S O L ID A T E D P A R E N T M A T E R IA L

Clay, unknown modifications
Clay, uniform
Clay, silty
Clay, sandy
Clay, gravelly
Clay, cobbly
Clay, bouldery

CU
CC
CM
CS
CG
CK
CB

Silt, unknown modifications
Silt, clayey
Silt, uniform
Silt, sandy
Silt, gravelly
Silt, cobbly
Silt, bouldery

MU
MC
MM
MS
MG
MK
MB

Sand, unknown modifications
Sand, clayey
Sand, silty
Sand, uniform
Sand, gravelly
Sand, cobbly
Sand, bouldery

SU
SC
SM
SS
SG
SK
SB

Gravel, unknown modifications
Gravel, clayey
Gravel, silty
Gravel, uniform
Gravel, sandy
Gravel, cobbly
Gravel, bouldery

GU
GC
GM
GG
GS
GK
GB

Cobbles,
Cobbles,
Cobbles,
Cobbles,
Cobbles,
Cobbles,
Cobbles,

unknown modifications
clayey
silty
sandy
gravelly
uniform
bouldery

KU
KC
KM
KS
KG
KK
KB

Boulders, unknown modifications
Boulders, clayey
Boulders, silty
Boulders, sandy
Boulders, gravelly
Boulders, cobbly
Boulders, uniform

BU
BC
BM
BS
BG
BK
BB

Organic, unknown modifications

OU

Suggested substitutions for/or additions to parent material designations
additions

substitutions
Colluvium
Eol ian
Alluvium
Lag gravel (fragipan)
Water

VX
EX
AX
FX
WX

Thickness in feet - meters
Terrace
Paleosol - Sangamon

(10)
(T)
(S)

C O N S O L ID A T E D P A R E N T M A T E R IA L
Claystone, unknown modifications
Claystone, uniform
Claystone, silty
Claystone, sandy
Claystone, gravelly
Claystone, cobbly
Claystone, bouldery
Claystone, limy
Claystone, dolomite

PZ
PP
PM
PS
PG
PK
PB
PL
PD

Shale, unknown modifications
Shale, uniform
Shale, silty
Shale, sandy
Shale, gravelly
Shale, cobbly
Shale, bouldery
Shale, limy
Shale, dolomite

HZ
HH
HM
HS
HG
HK
HB
HL
HD

Siltstone, unknown modifications
Siltstone, clayey
Siltstone, uniform
Siltstone, sandy
Siltstone, gravelly
Siltstone, cobbly
Siltstone, bouldery
Siltstone, limy
Siltstone, dolomite

IZ
1C
II
IS
IG
IK
IB
IL
ID

Sandstone, unknown modifications
Sandstone, clayey
Sandstone, silty
Sandstone, uniform
Sandstone, gravelly
Sandstone, cobbly
Sandstone, bouldery
Sandstone, limy
Sandstone, dolomite
Sandstone, cherty

RZ
RC
RM
RR
RG
RK
RB
RL
RD
RT

Limestone, unknown modifications
Limestone, uniform
Limestone, clayey
Limestone, silty
Limestone, sandy
Limestone, cherty

LZ
LL
LC
LM
LS
LT

Dolomite, unknown modifications
Dolomite, uniform
Dolomite, clayey
Dolomite, silty
Dolomite, sandy
Dolomite, cherty

DZ
DD
DC
DM
DS
DT

Cyclic, unknown modifications '
Cyclic, limestone beds predominate
Cyclic, dolomite beds predominate
Cyclic, uniform sequence
(sandstone-shale-limestone)
Cyclic, shale beds predominate
Cyclic, siltstone beds predominate
Cyclic, sandstone beds predominate

YZ
YL
YD

Chert, unknown modifications
Chert
Chert, tripolitic

TZ
TT
TO

YY
YH
Yl
YR

Unknown parent material
Unknown unconsolidated parent materiel
Unknown consolidated parent material

XX
UU
ZZ
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Table A.II.

Surficial Material Categories and Units
C A T E G O R Y — T h e m ain c o n s titu e n t o f s u rfic ia l m aterial

Sym bol

D e s c rip tio n

10

C lay:

C la y is d e fin e d as having p la s tic ity and sm a ller th an 0 .0 0 2 m m

20

S ilt:

S ilt is d e fin e d as no n -p lastic an d coarser th an 0 .0 0 2 m m
C la y and s ilt categories are fo r d e p o sits h a vin g m ore th an o n e -h a lf o f the
m aterial sm a lle r than 0 .0 7 4 m m (no. 2 0 0 sieve).

30

Sand:

C o n sists p re d o m in a n tly o f m a te ria l sm a ller than 4 .7 6 m m (no. 4 sieve), b u t
coarser than 0 .0 7 4 m m (no. 2 0 0 sieve).

40

G ravel, a n g u la r:

C o n sists p re d o m in a n tly o f angular to sub a n gu la r m aterial s m a lle r th an 76.1 m m
(3 inches), b u t coarser th an 4 .7 6 m m (no. 4 sieve).

50

G ravel, ro u n d e d :

C o n sists p re d o m in a n tly o f ro u n d e d t o su b ro u n d e d m a te ria l sm a ller than 76.1 m m
(3 inches), b u t coarser th a n 4 .7 6 m m (no. 4 sieve).

60

C o b b les, angular:

C o n sists p re d o m in a n tly o f a ngular to sub an gu lar m aterial sm a lle r than 3 0 5 m m
(12 inches), b u t coarser th a n 76.1 m m (3 inches).

70

C ob bles, ro u n d e d :

C o n sists p re d o m in a n tly o f ro u n d e d to su b ro u n d e d m a teria l sm aller th an 3 0 5 m m
(12 in ch es), b u t coarser th an 76.1 m m (3 inches).

80

B ou ld ers, angular:

C o n sists p re d o m in a n tly o f angular to sub an gu lar m aterial co a rse r than 3 0 5 m m
(12 inches).

90

B ou ld ers, ro u n d e d :

C o n sists p re d o m in a n tly o f ro u n d e d to s u b ro u n d e d m a te ria l coarser than 3 0 5 m m
(12 inches).

00

U nknow n:

S u rfic ia l m a te ria l cate gory an d u n it u n k n o w n .

99

A bsen t:

S u rfic ia l m a te ria l absent.
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Table A.II.

(continued)

U N I T - T h e s e c o n d a ry c o n s titu e n t (m a trix ) o f s u r fic ia l m ateria l.^
(M o d ifie s th e ca te g o ry d e s crip tio n )
Sym bol

D e s c rip tio n

01

C lay:

H ig h p la s tic ity (C H ), g e n e ra lly subangular, b lo c k y w it h som e a n g u la r b lo c k y
a n d m assive s tru c tu re , d a rk gray to y e llo w is h b ro w n ( 2 .5 Y R - 1 0 Y R ) .
O rig in variab le, b u t a llu v ia l, glacial t ill, a n d e o lia n m o re c o m m o n .

02

C la y , s ilt y :

L o w to m oderate p la s tic ity ( C L ) , g e n e ra lly s u b a n g u la r b lo c k y s tru c tu re ,
y e llo w is h b ro w n (2.5 Y R - 1 0 Y R ) . O rig in v a ria b le .

03

C lay:

M o d e ra te to high p la s tic ity ( C H -M H ) , g e n e ra lly a n g u la r b lo c k y w ith som e
sub a n g u la r b lo c k y s tru c tu re , red hues p re d o m in a te (5 R - 5 Y R ) , b u t
y e llo w and b ro w n hues ( 7 .5 Y R - 1 0 Y R ) in m o ttle s and streaks, lo w d e n s ity .
R e sid u a l in o rig in a n d can have re lic t b e d ro c k s tru ctu re .

04

Clay m ix e d w it h elastics:

L o w t o m oderate p la s tic ity ( C L ) , gra n u la r w it h som e su b a n g u la r b lo c k y stru ctu re ,
c o lo r v a riab le (5 R - 7 .5 Y R ) w ith s tro n g er red hues in residual d e p o s its . O rig in
m o re c o m m o n ly c o llu v ia l b u t can be a llu v ia l; a lso ty p ic a l o f re s id u a l dep osits
w h e re p a re n t b e d ro c k has a b u n d a n t ela stics.

05

P o o rly so rte d :

S e c o n d a ry c o n s titu e n ts m a k e u p 10% o r less o f m a te ria l in th e c a t e g o r y .^ O rigin
v a ria b le , b u t u s u a lly re sid u a l.

06

W ell so rted :

S e c o n d a ry c o n s titu e n ts m a k e u p 10% o r less o f m a te ria l in th e c a te g o ry . O rig in
m o re c o m m o n ly a llu v ia l.

07

C la s tic m a trix :

L o w (M L ) to n o n -p la s tic , c la y absent to m in o r c o n s titu e n t. O rig in m o re c o m m o n ly
e o lia n o r a llu v ia l.

08

O rgan ic:

P la s tic it y v a ria b le ( M H - O H ) , d a rk gray to b la c k (lo w values in 2 . 5 Y R - 5 Y hues).
O rig in u su ally re s id u a l in sa tu rated environment.^^

t

C h a ra c te ristics co n s id e re d in c lu d e p h y s ic a l p ro p e rtie s, m o d e o f o rig in and
spatial a rra n g e m e n t (fa bric) o f v a rio u s sizes o f p a rtic le s in th e su rfic ia l
m aterial.

ft

T he m a trix is n o t used in ca te g ory d e s c r ip tio n unless it co n s is ts o f 10% o r
m o re o f th e m a te ria l (P e ttijo h n p. 2 9 ).

ttt

T he m a trix is n o t describ e d as org a n ic un less org an ics m a k e u p m o re than
12 to 18% o f th e m a trix b y w e ig h t ( U S D A 1 973).

165

understanding some of the more significant aspects of
these units and categories.

Comments on relations of

SUMAC to the Association of American State Highway Officials
(AASHO), the U.S. Department of Agriculture (USDA), and the
Unified Classification System, are included in the parameter
outline.

Data sources used in this compilation include PCA

(Portland Cement Assoc., 1962) and USDA (U.S. Dept, of
Agric., 1971) outlines of some classification systems.
The one property of the various units that should be
considered most important is the fabric, the spatial
arrangement of soil and rock fragments of the deposit as it
might relate to origin or origins.

Obviously, however, some

units, especially those representing the fine-textured
deposits, may give little indication of their origin.
Basically, three modes of origin are considered, trans
ported, residual, and colluvial.
transport by wind, water, and ice.

"Transported" includes
"Colluvial" indicates

modification by gravity induced movement with such deposits
being formed in upper reaches of small valleys, on lower
slopes adjoining valleys, or in stream valleys that have
extreme flow deficiency.
The more common properties are listed in the unit
classification, but the total range is not given.

Obviously

no one material can have all the properties of a certain
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unit and no properties of any other unit.

For example,

a typical residual clay in the Ozarks is dark red (5R 3/6).
However, some of these clays can be yellowish-brown
(10YR 5/8) and yet retain other significant physical
properties of the dark red clays.

Conversely, some residual

dark red clays have the same color, but markedly different
physical properties because of different clay mineralogy.
In such a situation as outlined above, the classification
would not be changed where the mode of origin is obvious
and important to the classification.

2.

Correlations of SUMAC With Unified, AASHO, and USDA
Classification Systems

The following outline is intended to illustrate the
correlations of SUMAC System category-unit-combinations
to the approximate equivalent classifications used in
Unified, AASHO, and USDA Systems.

There is greater latitude

for description of surficial materials with the many cate
gory-unit-combinations available in the SUMAC System than
in the other systems used in the correlation outline.

How

ever, one should consider that each of the other classifi
cation systems serves its intended purpose well.

Although

each system tends to supplement the other, one does not
or should not replace the other.

167

Category - Clay

Unit 10 - This unit is intended for clay-rich deposits
having unknown physical properties.

The expected use of

this unit is where clay of some type is suspected, but can
not be verified pending exploration or more detailed study.
Unit 11 - This unit represents highly plastic clay
having significant shrink-swell characteristics and low
permeability.

The typical clay mineral is montmorillonite.

The USDA classification of the SUMAC category-unit-combina
tion is clay, the most probable AASHO classification is A-7,
and the Unified classification is CH.

The usual stone con

tent, gravel and larger, is insignificant, but technically
the deposit could include up to 507o stone.
may have several modes of origin.

SUMAC unit 11

It can be found in

glacial or eolian deposits if prolonged weathering has
taken place.

Alluvial deposits are also a common source

for SUMAC unit 11.

Some clays, residual from shale and

carbonate rocks, are highly plastic.
Unit 12 - Deposits having moderate plasticity comprise
this unit.

The moderate plasticity may be caused by some

silt and/or sand admixture.
or perhaps a kaolin.

The clay mineral may be illite

Material in this SUMAC category-unit-

combination could be assigned to a USDA silty clay, silty
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clay loam or possibly a clay loam rating; an AASHO A-6
or A-7 classification; or CL in the Unified System.
Stone content is usually low.

No particular mode of origin

is typical, although many alluvial deposits consist of this
type of sediment.
Unit 13 - The most significant aspect of this unit is
its residual nature.

The residual nature is characterized

by preservation of relict bedrock structure.

Low, dry,

unit weight and moderate plasticity are of secondary impor
tance.

This unit typically is red (5R) , although yellow-

brown colors up to 10YR can occur.

The clay mineral make

up, halloysite or kaolinite, may result in an MH classifica
tion (Unified), a property recognized years ago by
Casagrande (1948).

The material would be classified as a

clay in USDA terminology, in AASHO as A-6 or A-7, and if
plasticity is high, CH in the Unified System.

Stones

usually are concentrated in lenses or layers preserving
the structure of parent material.

Because this unit is

residual in origin, the stones are usually angular.
Unit 14 - Material in a deposit of this type is a
poorly sorted mixture of clay, silt, sand, and perhaps
coarser elastics having low to moderate plasticity.
This category-unit-combination could be described as an
A-6 or perhaps an A-2 or A-4, AASHO; a clay loam, USDA;
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or CL to CH in the Unified System.

The material may be

from varied sources, but usually represents a colluvial
deposit or residuum of a bedrock having an admixture of
carbonate and elastics in its native state.
Unit 18 - In Missouri, this deposit is somewhat
limited in areal extent, because the presence of organic
matter is the determinant criterion.

Material in this

unit has dark colors and moderate to high plasticity.

It

is usually described as OH in the Unified System, A-5 or
perhaps A-7 in the AASHO System.

The parent material

originally was a woody mass usually deposited in alluvial
or glacial sediments.

Weathering and alteration in a

saturated environment has changed it to its present state.

Category - Silt

Unit 20 - This unit has the same intended classifica
tion purposes as its counterpart in the clay category.
Unit 21 - The clay matrix of this unit has the same
characteristics as described for the clay in unit 11.

In

USDA terminology, this deposit, the SUMAC category-unitcombination, would be a silty clay or perhaps a silty clay
loam; A-6 and A-7 would be typical AASHO ratings; or a CL
or CH assignment in the Unified System.

The stone content
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is typically minor and the fragments should be rounded.
The most likely mode of origin would be alluvial.
Unit 22 - The clay matrix has properties like the clay
in unit 12.

However, the more silt-rich deposit could be

described as a silt loam, USDA; A-4 to A-6, AASHO; or ML
to CL in the Unified System.
would be rounded.

Stones, if present, normally

The more common mode of origin is

alluvial.
Unit 23 - There is little difference between this
unit and unit 13, except the greater percentage of silt
relative to clay.

With the deposit having more than 507o

silt, the deposit more commonly would be classified as a
silty clay loam or possibly a silt loam, USDA; A-4 to A-7,
AASHO; or CL to CH or MH in the Unified System.

The parti

cle shape is apt to be angular in accordance with the prob
able residual mode of origin.
Unit 24 - The primary difference from the previous
unit 14 is the greater abundance of silt.

A typical USDA

classification could be a loam or possibly a silt loam.
The material would be rated as A-4 to perhaps A-6 in the
AASHO System, or CL, perhaps ML-CL, in the Unified System.
Stones, if present, would be more angular in shape than
rounded.

The common mode of origin is colluvial, although

alluvial and residual deposits of this nature also exist.

171

Unit 27 - This unit is a silt-rich deposit without a
significant clay matrix.

It is a silt loam or a silt

(USDA); generally A-4 in the AASHO System; or ML in the
Unified System.
deposit.

It is widespread as a common surface soil

SUMAC unit 27 also forms much of the material in

eolian deposits.
Unit 28 - This unit is similar to the organic-rich
clay deposit 18, except for having a greater percentage
of silt.

Category - Sand

Unit 30 - This unit has the same intended usage as
units of categories previously described where there is no
information available on the matrix of the deposit.
Unit 31 - The clay matrix has features similar to
that of previously described deposits of this unit.

The

USDA classification assignment is sandy clay to a sandy
clay loam; AASHO classification, typically A-2; and the
Unified System classification is SC.
the deposit is CH.

The clay matrix of

The mode of origin is likely to be

alluvial.
Unit 32 - The clay matrix is similar to that pre
viously described.

The deposit has a USDA classification
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of a sandy clay loam, an AASHO rating usually of A-2, and
in the Unified System, an SC rating.

The percentage of

coarse-sized material, gravel and larger, commonly is minor.
A common mode of origin would be alluvial, although residual
and colluvial deposits from sandstone also are widespread.
Unit 33 - The only significant difference between this
residual deposit and those previously described is the
greater abundance of sand.

Similar changes in other classi

fications would have to be made to show this increase in
sand.
Unit 34 - The change with previous units of this level
is the greater percentage of sand.

Other than that, the

deposit retains its characteristic feature of being poorly
sorted with clay included in the constituents.

The USDA

classification is a loam or sandy loam, the AASHO commonly
is A-2 and the Unified System is SC.

Origin remains as

before, usually colluvial or possibly residual from a parent
material made up of different lithologies.
Unit 35 - This unit represents sand-rich deposits with
little or no clay or silt.

It is poorly sorted and would

be described as a sand or possibly a loamy sand in USDA
terms, A-l in AASHO, and SW in the Unified System.
gravel or coarser material may be present.

Some

A common mode

of origin is residual, although alluvial deposits are
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not uncommon.
Unit 36 - This unit is sand-rich with little or no clay
or silt.

The sand is well-sorted.

It could be described as

a sand, possibly a loam sand, USDA; an A-l or A-3 in AASHO;
or an SP in the Unified System.
are not common.

Gravel or coarser material

The probable mode of origin is alluvial.

Unit 37 - This unit is a sand-silt deposit with little
or no clay.

It would have properties similar to previous

SUMAC units at this level.

The USDA classification is a

sandy loam or a silt loam; the likely AASHO rating is A-2,
possibly A-l or A-4; and the Unified classification rating
is SM.

Coarser material is not common.

The origin is most

commonly alluvium.
Unit 38 - This unit is similar to the 08 units pre
viously described.

Category - Gravel, Angular

Unit 40 - This unit has the same intended usage as the
other previously described 00 units where there is no infor
mation available on the matrix of the deposit.
Unit 41 - The clayey matrix is similar to previously
described deposits at the 01 level.

The AASHO classifica

tion normally expected, is A-2, and the Unified is GC.
Stone fragments coarser than gravel can occur.

The mode
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of origin is usually residual.

The material may be physi

cally close to its parent bedrock.
Unit 42 - The clay matrix is similar to previously
described clay matrix.

The likely AASHO classification is

A-2 and the Unified System classification is GC.
fragments coarser than gravel can be abundant.

Stone
The origin

is usually residual or possibly colluvial where little
movement has occurred.
Unit 43 - This class of material is similar to units
previously described.

However, this category-unit-combina

tion is more common in residuum than are SUMAC units 23 or
33, but less common than 13, 63, or 83.
Unit 44 - This is a poorly sorted deposit with a clay
matrix.

An AASHO classification of A-2 would be representa

tive as would a GC rating in the Unified System.
fragments, such as cobbles, can be expected.

Larger

This unit is

commonly colluvial in origin or residual from parent mate
rials having a variety of lithologies.
Unit 45 - This is a poorly sorted deposit with little
or no fines.

It is most probably an A-l in the AASHO System

or a GW in the Unified System.
common.

Some larger material is

The origin is variable, but most commonly alluvial-

colluvial.

This unit is typical of deposits found where

losing streams exist in Missouri.
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Unit 46 - This unit of angular gravel is well-sorted
and contains little or no fines.

It is typical of A-l

material in AASHO or GP in the Unified System.
larger than gravel are uncommon0

Fragments

This unit could occur in

residual-colluvial settings associated with losing streams.
Unit 47 - This unit, as others previously described
at the 07 level, has a matrix of clastic material other
than clay«

The AASHO classification would be A-l or A-2

and Unified as GM0

The origin is more apt to be residual-

colluvial, typically in a losing stream setting with abun
dant stony residual material as parent source.

Category - Gravel, Rounded

Unit 50 - This unit has the same intended usage as
previously described units when there is no information
available on the matrix of the deposit.
Unit 51 - This unit is similar to unit 41, except
the parent material is generally of alluvial or possibly
glacial origin.
Unit 52 - This unit is similar to unit 42, except the
mode of origin is generally alluvial or glacial.
Unit 53 - This unit is not recognized in the Surficial
Materials Classification System.

Rounded fragments imply

prolonged transportation and that in turn is not in concert
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with processes of residual formation.
Unit 54 - This unit is similar to unit 44, except the
mode of origin is generally from glacial or alluvial
deposits in a gaining stream setting.
Unit 55 - This unit is similar with unit 45, except
the mode of origin is generally alluvial or fluvial.
Unit 56 - This unit is similar to unit 46, except the
mode of origin is generally alluvial or fluvial.
Unit 57 - This unit is similar to unit 47, except the
parent material is generally alluvium in a gaining stream
setting.

Category - Cobbles, Angular

Units in this category have characteristics and modes
of origin similar to comparable units in the angular gravel
category.

Category - Cobbles. Rounded

Units in this category have characteristics and modes
of origin similar to comparable units in the rounded gravel
category.
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Category - Boulders, Angular

Units in this category have characteristics and modes
of origin similar to comparable units in angular cobble
and gravel categories.

Category - Boulders. Rounded

Units in this category have characteristics and modes
of origin similar to comparable units in rounded cobble
and gravel categories.
Table III in Appendix A outlines in brief some of the
correlations described between USDA, AASHO, Unified, and
the SUMAC Systems.
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Table A.III. Examples of Correlations of SUMAC Combinations
With Unified, AASHO, and USDA Ratings

SU M AC
C la y

S ilt

Unified

AASH O

U S D A (texture)

(10)
11

CH

A -7

C la y , s ilt y c la y

12

CL ’

A -7

S ilt y c la y , sa n d y cla y

13

CH , MH

14

C L , CH

A -2 , A -4 , A - 6

18

OH

A -7 -6

21

C L , CH

A -6 , A -7

S ilt y cla y lo a m

22

M L, CL

A -4 , A -6

S ilt y cla y lo a m

23

CL, C H , MH

A —4, A - 6 , A - 7

S ilt y cla y lo a m

A -6 , A -7

C la y
C la y loam
O rg a n ic c la y

(20)

24

M L -C L

A -4 , A -6

27

ML

A -4

28

OL

A —7 —6

31

SC

A -2

S a n d y cla y

32

SC

A -2

S a n d y c la y lo am

33

SC

A -2

S a n d y cla y

34

SC

A -2

S a n d y cla y lo a m

Loam
S ilt loam
O rg a n ic s ilt

S a n d (30)

35

SW ’

A —1

S a n d , lo a m y sand

36

SP

A —1, A —3

S a n d , lo a m y sand

37

SM

A —1, A - 2 , A - 4

41

GC

A -2

G ra v e lly c la y

42

GC

A -2

G ra v e lly c la y

43

GC

A -2

G ra v e lly c la y

44

GC

A -2

G ra v e lly c la y

45

GW

A —1

G ra v e l

46

GP

A —1

G ra vel

47

GM

A —1, A - 2

51

GC

A -2

G ra v e lly c la y

52

GC

A -2

G ra v e lly c la y

54

GC

A -2

G ra v e lly c la y

55

GW

A —1

G ravel

56

GP

57

GM

L o a m y sand , sa n d y loam

G ra v e l, a n g u la r (40)

S ilty -s a n d y gravel

G ra v e l, ro u n d e d (50)

,

A —1
A —1, A - 2

G ravel
S ilty -s a n d y g ra vel
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APPENDIX B

FIELD AND LABORATORY PROCEDURES AND DATA

The classification and mapping of surficial materials
is primarily a field task.

The properties of surficial

materials as they are observed in the field is given prece
dence over laboratory data.

The fabric and mode of origin

of the surficial material, as it is observed in the field,
is considered to be more important than information gained
from testing of individual soil samples.

Engineering

geology implications described for surficial material units
also, emphasizes the importance of field judgement in
evaluating data gained from laboratory testing.

Thus, the

geologic input based on field interpretation is considered
to have significant importance in surficial material classi
fication and mapping.

The importance of laboratory studies

should not be discounted, however.

Data, such as that

included in Table I of this appendix, illustrates the possi
bilities of more precise category-unit definitions as surfi
cial material studies continue to progress.

1.

Field Procedures

The fabric of the deposit, as it exists in the field,
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is given primary importance in field analysis for surficial
material classification.

Fabric is defined in this study

as the spatial arrangement of the various sized particles
in surficial materials.

Thus, particle sizes, shapes,

orientation, and arrangement, as they occur in the field,
should be well described.
Size and shape (roundness) of surficial materials
would seem to be an easily measured parameter in the
laboratory.

In part, this is true for finer-textured

materials and procedures, for these determinations exist
in established engineering and geologic classifications.
However, these procedures do not include consideration of
field relationships.

Neither do the laboratory procedures

provide a method to account readily for the percentage,
size, shape, and arrangement of coarser fragments as they
are displayed in the fabric of the material apparent to
the field investigator.

Thus, the problems of representa

tive sampling, already difficult, must be further judged
against the need to describe many square miles of hillslopes, ridges, and valleys.

There is no reasonable pro

cedure one can use to sample such large areas without
making considerable allowance for method of occurrence in
the field.

Because of slope, drainage, and landscape

history, it is imperative that surficial materials be
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classified more on regional field appearance and relation
ships with other units than on data taken from isolated
sites.

Otherwise, the result will be nothing more than a

hodgepodge of units caused by microlandscape variations.
Encouragement in this procedure can be found in the litera
ture, (Terzaghi, 1962, p. 252).
Determination of particle size, shape, and arrange
ment in the field is not difficult.

However, the validity

of such determination is in part dependent upon the experi
ence of the investigator.

He should gradually improve his

proficiency by correlating field data with results obtained
in the laboratory.
Classification of larger particles, particularly cob
bles and boulders, requires considerable field judgement.
For large fragments it is important that the evaluation of
shape be made on the angle of intersection of the faces of
the fragments.

The intent is to relate angularity, or lack

thereof, to mode and extent of transportation that has
affected the deposit.

Many authors, such as Pettijohn

(1957), have written on the description and meaning of
particle shape.

Field classification of the size and shape

of larger particles should take into account the original
profile of that particle.

Chert nodules may be round in

parent bedrock material, but broken into angular fragments
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by transport.

Eventually, rounding will occur after more

transportation, depending upon a number of factors.

Thus,

in this example, rounding would imply no transport, and
angularity would imply transport at least to a degree.
A more difficult condition to estimate in the field
is the percent of coarse fragments in a deposit.

The basic

classification is determined by the type of material repre
senting the greater percentage of the deposit.

However,

there is no reasonable way to determine if acres of hillslopes, for example, have 48 or 52% of gravel.

A quick

method that was used to determine the percentage of gravel
size and larger material was to note if the deposit had
stone to stone content.

Such conditions were considered to

show a concentration of more than 50% of that particular
particle size.

For deposits having a poorly sorted mixture,

such as gravel, sand, and silt, a sieve analysis is needed
to check field interpretations.
Fortunately, natural processes tend to sort so that
certain textures predominate or there is uniformity in
mixture of textures.

Where one particular texture does

not predominate, emphasis in the description is given to
the coarser texture.

Thus, a deposit having approximate

equal amounts of cobbles, gravel, and sand, would be
assigned to an appropriate cobble category with unit
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Figure B.l.

Drive tube sampler used to obtain soil
for laboratory testing.

Figure B.2.

Soil sample as bagged to retain moisture
for laboratory testing.
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designation based on properties of the finer-sized mate
rial.
Field records of representative exposures were made
to record the structure of the soil in accordance with
U.S. Department of Agriculture soil structure classifica
tion procedures.

Color was described according to Munsell's

color chart standards (Munsell, 1971).

The Unified

Classification System was used to assist in field classifi
cation.

The position of the deposit was noted relative to

the landscape setting and slope.

If the deposit was associ

ated with a stream valley, the characteristics of the chan
nel and the configuration of the valley were described.

An

estimate was made as to the percent and source of stones
larger than one-quarter inch in diameter.

The shape of the

stone, rounded-subrounded versus angular-subangular, was
also recorded.

2.

Laboratory Procedures

Samples obtained by the drive tube sampler (Figs. 1 and
2, Appendix B) were tested for natural density and moisture
(Table I, Appendix B).

A measurement of permeability was

made on the sample using a falling head permeameter before
the sample was removed from the tube.

Procedures for this
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follow a method established by Hoffman (Missouri Geological
Survey Unpubl. Files, 1974) and U.S. Army Corps of Engineers
(1965).

Rapp (1965, p. 30) compared field and laboratory

procedures, including the falling head permeameter, to
evaluate permeability and found that data compared closely.
Atterberg limits were determined and grain size
analyses were completed using standard ASTM procedures
(ASTM D 423-66, D 424-59, and D 422-63).

A swell index

for finer-textured soils was also determined using proce
dures outlined in the Guide to Use of the FHA Soil Meter
(Henry and Dragoo, 1965).
The tests most significant for assistance in SUMAC
classification are Atterberg limits, grain size analysis,
and natural density (Table I, Appendix B) .

Permeability,

swell, and natural moisture data, are used mainly to
evaluate reliability of the total test results obtained
from a sample.

Unusual results generally indicate incorrect

laboratory procedures, sample mix-up, or mistaken field
identification of the SUMAC category-unit designation.
Data on soil properties (Table I, Appendix B) is
included to illustrate information gained during the
mapping phase of the program.

Results of data on soil

samples obtained without the drive tube sampler are not
included.

These samples were processed mainly for Atterberg

187

limits and grain size analysis.
Data obtained from soil sample analyses were used
primarily as an aid in identification of surficial material
category-unit-combinations for mapping purposes in individual
quadrangles.

If the extent of a single surficial material

unit was being studied, for example across the Salem Plateau,
sample analyses procedures should include a consistent
method for landform and parent material identification.
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Table B.I. Laboratory and Field Analysis Data of
Surficial Material Categories and Units

L o c a tio n

SUM AC

D ry
u n it w t.

P la s tic

U n ifie d

P e rm .

Sym bol

(lb s. c u ./ft.)

In d e x

C la ss.

(cm ./sec.)

P e rc e n t
C o a rs e S ilt C la y

M u n s e ll

S o il

P e rc e n t
N a tu ra l

C o lo r

S tru c tu re

M o is tu re

M a rie s C o u n t y
NW % , SW % , N E% .
S ec. 2 6 , T . 4 0 , R . 8

05

55

40

1 0 Y R 4 /2
D a rk g ra y ish
bw n.

F in e , su b a n g u la r
b lo c k y

2 7 .6

10

40

50

7 . 5 Y R 3 /2
Y e llo w red

F in e , su b a n g u la r
b lo c k y

28.1

io-7

1 0 Y R 6 /4
Y e llo w b w n .

F in e , s u b a n g u la r
b lo c k y

3 9 .5

F in e , su b a n g u la r
b lo c k y

2 8 .0

— 4

E X -1 1

8 3 .2

16

MH

6x10

N E ’/ ., NW % , N W ’/a,
S e c. 2 3 , T . 3 7 , R . 8

A X -1 1

9 5 .0

37

CH

2 x 1 0 —7

NW % , S E% , S W ’A ,
S ec. 9 , T . 3 6 , R. 7

D D -1 1

77.1

62

CH

P h e lp s C o u n t y

SW % , N E % , S E% ,
S ec. 1 0 , T . 3 7 , R . 8

D D -1 1

80.1

48

CH

10~ 7

20

80

1 0 Y R 7 /6
Y e llo w b w n .

S E% , NW % , N E ’/ .,
S e c. 4 , T . 3 7 , R . 8

D D -1 1

7 7 .4

60

CH

7x10_ 7

30

70

2 . 5 Y R 5/8
Red

F in e , su b a n g u la r
b lo c k y

4 1 .5

7 .5 Y R 5 /8
S tro n g bw n .

F in e , s u b a n g u la r
b lo c k y

3 7 .8

N E% , N W ’/a, S W ’/ .,
S ec. 2 , T . 3 7 , R. 8

H B —11

8 1 .5

N E ’/ ., N W ’/4, S W ’/4,
S e c. 2 9 , T . 3 8 , R . 7

H B —11

8 7 .2

S W ’/4, SW'/4, S W ’/4,
S ec. 2 , T . 3 8 , R . 5

E X -1 1

7 8 .3

S E ’/4, S E ’/4, s e %.
S ec. 3 , T . 3 8 , R. 5

E X -1 1

8 3 .0

51

CH

5x10_ 7

30

70

CH

io”7

35

CH

1 0 -6

05

40

55

2 .5 Y 4 /2
D a rk gray b w n .

F in e , s u b a n g u la r
b lo c k y

3 9 .6

26

MH

5x10_ 7

05

40

55

7 . 5 Y R 6 /2
P in k is h gray

F in e , s u b a n g u la r
b lo c k y

3 2 .6

50

50

7 . 5 Y R 4 /4
D a rk b w n .

F in e , su b a n g u la r
b lo c k y

2 6 .3

10

48

42

7 . 5 Y R 4 /2
D a rk bw n .,
fa in t ly m o ttle d
1 0 R 4 /6 , R e d

C oa rse, s u b a n g u la r
b lo c k y

2 6 .3

05

15

80

7 .5 Y R 5 /8
S tro n g b w n .

M e d iu m , s u b a n g u la r
b lo c k y

2 7 .6

30.1

C ra w fo rd C o u n ty

NE'/4, SE'/4, S W ’/4,
Sec. 3 , T . 3 8 , R . 5

E X -1 1

S E ’/4, NW'/«, NW'/4,
S ec. 2 7 , T . 3 9 , R . 5

E X -1 1

N W ’/4, S W ’/4, S W ’/ .,
S ec. 1, T . 3 8 , R . 5

D D -1 1

8 5 .2

8 3 .3

17

MH

54

MH

46

MH

2X10- 4

10-6
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L o c a tio n

SUMAC
Sym bol

D ry
u n it w t.
(lb s. c u ./ft,

P la s tic
In d e x

U n ifie d
Class.

Perm .
(cm ./sec.)

(continued)

P e rc e n t
C o a rse S ilt C la y

M u n s e ll
C o lo r

S o il
S tru c tu re

V e ry fin e , su b a n g u la r
b lo c k y

P e rce n t
N a tu ra l
M o is tu re

M a rie s C o u n ty
SW% , N E '/ i, N W ’/4,
S e c. 3 5 , T . 4 0 , R . 8

A X -1 2

94.1

19

CL

5x10 - 6

08

58

34

5 Y R 5/6
Y e llo w is h red

SW% , NW % , SW% ,
S ec. 2 6 , T . 4 0 , R . 8

E X -1 2

8 8 .2

11

CL

2x10 - 6

10

65

25

5 Y R 5 /6
Y e llo w is h red
F in e , a n g u la r
b lo c k y

2 2 .5

22.1

2 1 .9

U U -1 2

9 3 .0

11

CL

2 .5 x 1 0 ~ 7

08

56

36

1 0 Y R 5/4
Y e llo w is h b w n .

A X -1 2

9 6 .9

16

CL

1 0 -6

18

52

32

5 Y R 2 .5 /2
D a rk red bw n .

M e d iu m , su b a n g u la r
b lo c k y

2 1 .7

U U -1 2

8 2 .9

21

CL

4x10_ 7

7 .5 Y R 5 /8
Y e llo w bw n.

F in e , s u b a n g u la r
b lo c k y

3 2 .6

SW%, S W ’A , SW'/«,
Sec. 2 0 , T . 3 9 , R . 4

9 0 .6

17

ML

10- 6

06

62

32

7 . 5 Y R 5 /2
B ro w n

G ra n u la r

E X -1 2

S E ’/4, NW % , NW54,
Sec. 2 7 , T . 3 9 , R . 5

100.1

12

CL

1 0 -5

10

74

26

1 0 Y R 5 /2
G ra y b w n .,
m o ttle d
1 0 Y R 5 /6
y e llo w b w n .

P la ty

E X -1 2

SE% , N W ’/a, S E ’A ,
S ec. 2 5 , T . 3 9 , R . 5

14

67

19

7 . 5 Y R 4 /4
S tro n g b w n .

P la ty

E X -1 2

SEJ4, S E ’/ i, NW '/.,
S ec. 5 , T . 3 8 , R . 5

U U -1 2

14

24

7 . 5 Y R 5/6
S tro n g b w n .

M e d iu m , su b a n g u la r
b lo c k y

SE54, N W ’/4, N W K ,
S e c. 3 5 , T . 4 0 , R . 8
G re e n e C o u n t y
SE% , N E % , N E % , NW% ,
S ec. 7 , T. 2 8 , R . 2 3
P h e lp s C o u n t y
N W ’/4, NW54, N E ’/4,
S ec. 2 3 , T . 3 2 , R . 8
C ra w f o r d C o u n t y

6

9 0 .8

27

M L -C L

CL

5x10~ 6

62

2 2 .7

0 9 .3

20.1
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L o c a tio n

SUMAC
Sym bol

D ry
u n it w t.
(lb s. c u ./ft.)

P la s tic
In d e x

U n ifie d
C la ss.

17

MH

P e rm .
(cm ./sec.)

(continued)

P e rc e n t
C o a rs e S ilt C la y

M u n s e ll
C o lo r

S o il
S tru c tu re

P e rce n t
N a tu ra l
M o is tu re

G re e n e C o u n t y
N E % , S E ’4 , S W ’/4, N W ’/ .,
S ec. 7 , T . 2 8, R . 2 2

L L-1 3

6 7 .7

1 0 -5

10

90

7 .5 R 3 /8
R ed
C oarse, s u b a n g u la r
b lo c k y

4 3 .7

49.1

NW % , S E ' a , SW % , NW '/.,
S ec. 7, T . 2 8 , R . 2 2

L L-1 3

7 1 .8

18

MH

6X10- 4

12

88

7 .5 R 3 /8
Red

SW% , NW % , N W ’/ .,
S ec. 2 8 , T . 2 9 , R . 23

L L-1 3

6 8 .0

21

MH

5x10 “ 7

10

90

5 R 3 /6
D a rk red

C o a rse , a n g u la r
b lo c k y

4 8 .3

N W ’/ ., S E% , SW % , N W ’/4
S ec. 7, T . 2 8, R . 2 2

L L-1 3

6 6 .4

21

MH

7x10~ 8

03

34

63

5 Y R 3 /3
D a rk red b w n .

V e ry fin e , su b a n g u la r
b lo c k y

4 9 .6

N E% , N E % , N W ’/4,
S ec. 16, T . 3 7 , R . 8

R D -1 3

86.1

23

MH

05

26

69

7 .5 R 3 /8
Red

M e d iu m , a n g u la r
b lo c k y

3 3 .7

N E ’/4, N E ’/4, N W ’/ .,
S ec. 16, T . 3 7 , R . 8

R D -1 3

8 8 .6

24

MH

04

27

67

7 .5 R 3 /8
R ed

M e d iu m , a n g u la r
b lo c k y

3 1 .3

SE% , S E ’/4, N E ’/4,
S ec. 3 4 , T . 3 7 , R . 8

R D -1 3

6 8 .7

40

MH

7x10_ 5

17

83

7 .5 R 3 /8
R ed

N E% , N W ’/4, NW% ,
S ec. 1 5, T . 3 7 , R . 8

R D -1 3

77.1

53

MH

3 x 10 _ 7

03

20

77

2 .5 Y R 4 /8
R e d d ish b w n .

M e d iu m , a n g u la r
b lo c k y

4 2 .8

N E% , SW% , N E% ,
S ec. 1 0, T . 3 7 , R . 8

R D -1 3

88.1

45

CH

io ” 7

08

20

72

5 Y R 5 /6
Y e llo w bw n.

M e d iu m , a n g u la r
b lo c k y

3 0 .4

7 .5 R 3 /8
R ed

C oa rse, a n g u la r
b lo c k y

3 9 .9

2 . 5 Y R 5/8
Red

F in e , s u b a n g u la r
b lo c k y

4 1 .0

S Y R 5 /6
Y e llo w red,
m o ttle d
1 0 R 4 /8 , red

M e d iu m , su b a n g u la r
b lo c k y

3 5 .7

1 0 R 4 /6
Red

C oa rse, a n g u la r
b lo c k y

2 5 .8

P h e lp s C o u n t y

NW% , S E% , S W ’/4,
S ec. 9 , T . 3 6 , R. 7

D D —13

79.1

33

MH

10- 6

N E% , N W ’/4, N E ’/4,
S ec. 2 1 , T . 3 8 , R , 5

D D —13

75.1

26

MH

1 0 -5

SE% , S E ’/4, NE% ,
Sec. 18, T . 3 8 , R . 4

D D —13

7 3 .8

29

MH

1 0 -6

NW % , S E ’/4, N E ’/4,
S ec. 18, T . 3 8 , R . 4

D D —13

79.1

42

CH

6 x 1 0 —7

4 5 .6

C ra w fo rd C o u n t y

05

07

39

56

17

83

13

70
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Location

SU M AC
Sym bol

D ry
unit wt.
(lb s. cu./ft.)

Plastic
Index

Unified
Class.

(continued)

Perm.
(cm./sec.)

Percenl
Coarse Silt Clay

Munsell
Color

Soil
Structure

Percent
Natural
Moisture

Maries County
N E ’/., S E ’/i, S E V i,
S ec. 2 7 , T . 4 0 , R . 8

H B -1 4

8 1 .2

50

MH

6X10- 8

10

20

70

1 0 R 5 /8
R ed

F in e , s u b a n g u la r
b lo c k y

3 5 .3

Cof
Sec. 2 6 , T . 4 0 , R . 8

H B -1 4

8 3 .4

60

CH

2x10_ 7

25

15

60

10 R 4 / 8
R ed

F in e , s u b a n g u la r
b lo c k y

4 1 .8

N W ’/ ., N E ’/ ., S E '4 ,
S ec. 2 7 , T . 4 0 , R . 8

H B -1 4

88.1

33

MH

4x10_ 7

13

25

62

1 0 R 5 /8
R e d , m o ttle d
1 0 Y R 7/1
lig h t g ray

C oa rse, a n g u la r
b lo c k y

2 3 .0

S W ’/., N E ’/ ., N W ’/ .,
S ec. 3 , T . 3 6 , R . 7

R D -1 4

7 2 .9

33

MH

2x10_ 7

8

22

70

5 Y R 5 /6
Y e llo w is h red

M e d iu m , a n g u la r
b lo c k y

3 8 .8

S E ’/ ., S E ’/ ., S E ’/.,
S ec. 5 , T . 3 8 , R . 5

H B -1 4

79.1

40

MH

20

80

5 R 3 /3
D u s k y re d w it h
strea ks o f
2 .5 Y 7 /0
lig h t g ray

M e d iu m , su b a n g u la r
b lo c k y

3 7 .0

S W ’/ ., N E ’/ ., N E '/.,
S ec. 1 0, T . 3 8 , R . 5

H B -1 4

8 9 .4

34

MH

14

26

70

7 . 5 Y R 5 /4
B ro w n , m o ttle d
1 0 R 4 / 6 , red

C o a rse , s u b a n g u la r
b lo c k y

A X -2 1

9 4 .5

35

CH

2x10

12

48

40

2 .5 Y R 3 / 0
G ra y , m o ttle d
5 Y R 5 /8 ,
y e llo w is h red

C oa rse, su b a n g u la r
b lo c k y

2 0 .8

N W ’/ ., NW % . S W ’/ .,
Sec. 2 0 , T . 2 9 , R . 2 3

A X -2 4

8 2 .6

24

CL

5X10-4

12

62

26

5 Y R 2 .5 /2
D a rk re d b w n .

M e d iu m , s u b a n g u la r
b lo c k y

2 7 .7

S W ’/., S E ’/ ., S E ’/ ., S E ’/.
S ec. 3 5 , T . 2 9 , R . 2 3

V X -2 4

8 4 .7

4

ML

8x10_ 5

05

71

24

5 Y R 2 .5 /2
D a rk re d b w n .

F in e , s u b a n g u la r
b lo c k y

2 1 .7

S E ’/ ., S E ’/ ., S E ’/ ., S E ’/ .,
Sec. 2 4 , T . 2 9 , R . 2 3

V X -2 4

8 8 .8

6

ML

3x10- 5

10

72

18

2 . 5 Y R 2 .5 /2
V e ry du sky
red

F in e , s u b a n g u la r
b lo c k y

2 5 .2

Crawford County

io "5

2 4 .4

Phelps County
SW% , N W ’/ ., S E '/.,
S ec. 1, T . 3 7 , R . 8

-6

Greene County
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SU M AC
Sym bol

Dry
unit wt.
(lbs. cu./ft.)

V X -2 4

1 02 .6

9

ML

8x10~ 4

N W ’/ ., S E ’/ ., S W ’/ ., N W ’/ ., '
V X -2 4
S ec. 7, T . 2 8 , R . 2 2

8 4 .7

7

M L -C L

2x10_ 5

N W ’/., S E ’/., SW '/., N W ’/.,
S ec. 7, T . 2 8 , R . 2 2

V X -2 4

8 8 .2

5

ML

5x10 - 5

N W ’/ ., S E ’/ ., S W ’/ ., N W ’/ .,
S ec. 7, T . 2 8 , R . 2 2

V X -2 4

88.1

8

CL

7x10~ 4

S W ’/ ., N E ’/ ., S W ’/., N W ’/.,
S ec. 7, T . 2 8 , R . 2 2

V X -2 4

9 3 .8

14

ML

6x10 - 5

S W ’/., S W ’/ ., S W ’/ ., S W ’/.,
S e c. 1 1 , T. 2 8 , R . 22

R R -2 4

9 8 .5

5

M L-C L

6x10~ 4

Location

Plastic
Index

Unified
Class.

Perm.
(cm ./sec.)

(continued)

Percent
Coarse Silt Clay

Munsell
Color

Soil
Structure

Percent
Natural
Moisture

Greene County cont.
S E ’/ ., N E ’/ ., S E ’/ .,
S ec. 1 2, T . 2 8 , R . 23

N W ’/ ., N W ’/ ., S W ’/ ., S W ’/.,
S ec. 3 , T . 2 8 , R . 2 3

V X -2 4

15

CL

R R -2 4

20

CL

U U -2 4

6

9 4 .0

8x10~ 4

20

5 Y R 3 /2
D a r k red b w n .

G ra n u la r

80

73

20

5 Y R 3 /4
D a r k re d b w n .

G ra n u la r

07

80

15

2 . 5 Y R 3 /2
D a rk red

G ra n u la r

05

70

30

2 .5 Y R 4 / 8
Red

05

62

33

35

50

15

2 2 .7

2 1 .9

2 5 .0

2 2 .3

5 Y R 4 /6
Y e llo w red

G ra n u la r

G ra n u la r

P la ty to fin e
s u b a n g u la r b lo c k y

12

58

30

1 0 R 3 /6
D a rk red

35

43

22

7 .5 Y R 4 /4
S tro n g bw n .

75

25

7 .5 Y R 6 /2

66

34

89

68

1 5 .8

1 6 .0

Crawford County
S W ’/., N W ’/., S W 1/.,
S ec. 2 1 , T . 3 9 , R . 5

Phelps County
N E ’/ ., N E ’/ ., N W ’/ .,
S ec. 1 6, T . 3 7 , R . 8

M L -C L

Maries County
S W ’/., N W ’/ ., S W ’/.,
S ec. 2 6 , T . 4 0 , R . 8

E X -2 7

9 8 .0

11

S W ’/ ., N W ’/., S W ’/.,
S ec. 2 6, T . 4 0 , R . 8

E X -2 7

9 4 .4

NP

S W ’/ ., N E ’/ ., N W ’/ .,
S ec. 3 5 , T . 4 0 . R . 8

U U -2 7

9 4 .3

9

ML

i o "5

5x10 - 4

ML

2x10- 5

08

5 Y R 5 /6
Y e llo w is h red
stre a k e d w ith
5 Y R 6 / 1 gray

M e d iu m , a n g u la r
to su b a n g u la r b lo c k y

5 Y R 6/1
gray

P la ty

11

1 0 Y R 4 /3
B ro w n

G ra n u la r

24

1 5 .9

1 0 .9

1 4 .8
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Table B.I.

Location

SU M AC
Sym bol

Dry
unit wt.
(lbs. cu./ft.)

Plastic
Index

Unified
Class.

Perm.
(cm./sec.)

(.continued)

Percent
Coarse Silt Clay

Munsell
Color

Soil
Structure

Percent
Natural
Moisture

Phelps County
S E ’/ ., S E ’/ ., N E K ,
S ec. 3 6 , T . 3 7 , R . 8

9 6 .1

13

ML

3x10^ *

08

62

30

1 0 Y R 5 /4
B ro w n

G ra n u la r

U U -2 7

NW'/«, S W K , S E ’/ .,
S ec. 2 5 , T . 3 7 , R . 8

8 3 .2

9

ML

4x10_ 5

10

72

18

7 . 5 Y R 3 /2
d a rk bw n.

G ra n u la r

U U -2 7

ML

30

52

18

7 . 5 Y R 4 /4
S tro n g b w n .

P la ty

3

35

10

1 0 Y R 5 /4
Y e llo w b w n .

P la ty

55

19

13

7 .5 Y R 4 / 4
B ro w n

G ra n u la r

68

60

20

7 . 5 Y R 6 /2
R e d d is h y e llo w

F r ia b le

20

7 .5 R 3 /8
Red

M e d iu m , a n g u la r
b lo c k y

1 9.4

2 1 .4

Crawford County _
N E ’/ . , S E ’/ ., N E ’/ .,
S ec. 3 2 , T . 3 9 , R . 5

A X -2 7

N E ’/ ., N E ’/ ., S E ’/ .,
S ec. 1 0, T . 3 8 , R . 5

R R —3 7

1 1 0 .7

3

SM

S W ’/ ., S W ’/., N E ’/.,
S ec. 1 3 , T . 4 0 , R . 8

V X —4 2

1 0 4 .6

9

GC

N E K , N E ’/ ., N E K ,
S ec. 1 8 , T . 4 0 , R . 7

V X -4 2

8 6 .9

9.1

GC

D D -4 3

8 5 .4

1 0 -5

1 1 .0

Maries County

7x10 - 5

1 2 .7

1 4 .2

Phelps County
N W K , N W ’/ ., S W ’/ .,
S ec. 7 , T . 3 6 , R . 7

40

GC

10

GC

i o -6

3 2 .3

Maries County
S E '/., N W K , N W ’/ .,
S ec. 3 5 , T . 4 0 , R . 8

F X -4 4

82

12

6

6

37

7 .5 R 4 / 8
R ed

G ra n u la r

57

Phelps County
N E '/., S W ’/ ., SW '/.,
Sec. 1 6, T . 3 7 , R . 8

i o -6

R D —4 4

9 1 .2

21

GC

N W ’/ ., N W ’/ ., N W ’/.,
S ec. 1 0, T . 3 8 , R . 5

R D -4 4

8 7 .9

17

GC

4x10~ 6

50

14

36

5 Y R 4 /6
Y e llo w red

M e d iu m , a n g u la r
b lo c k y

2 9 .8

S W ’/ ., N E K , N W K ,
S ec. 3 2 , T . 3 9 , R . 4

7 . 5 Y R 5 /6
R B -4 4

9 7 .9

GC

6x10 - 5

70

4'

26

Strong bwn.

C o a rse , s u b a n g u la r
b lo c k y

1 2 .8

26.1

Crawford County
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Table B.I.

Location

SU M AC
Sym bol

Dry
unit wt.
(lbs. cu./ft.)

Plastic
Index

Unified
Class.

Perm.
(cm ./sec.)

(continued)

Percent
Coarse Silt Clay

Munsell
C o lo r

Soil
Structure

Percent
Natural
Moisture

Phelps County
N W ’/ ., S E ’/ ., SW '/.,
S e c. 9 , T . 3 6 , R . 7

F X —4 7

N E ’/ ., S W ’/ ., S E '/i,
S e c. 1 4, T . 3 7 , R . 8

D D —6 3

N E ’/ ., N W ’/., N W ’/ .,
S ec. 2 3 , T . 3 7 , R . 8

1

GM

6x10- 5

6 9 .9

32

GC

8X10-4

7 .5 R 4 /8
Red

M e d iu m , a n g u la r
b lo c k y

4 2 .0

D D —6 3

9 0 .0

34

GC

10- 6

7 .5 R 4 /8
Red

M e d iu m , a n g u la r
b lo c k y

2 7 .9

89.1

1 0 Y R 3/1
V e ry d a r k g ra y

G ra n u la r

A X -4 7

9 6.1

2 . 5 V R 3 /6
B ro w n

P la ty

D D —6 7

82

15

03

Maries County
S E ’/., S E ’/ ., S W ’/.,
S ec. 2 7 , T . 4 0 , R . 8

GM

H ig h

95

3

2

1 4 .9

Phelps County
S E ’/., S E ’/ ., N E ’/ .,
S ec. 3 6 , T . 3 7 , R . 8

12

GC

3X10-4

1 9 .4
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APPENDIX C

SURFICIAL MATERIALS OF THE ROLLA QUADRANGLE - SALEM
AND SPRINGFIELD PLATEAUS, PHELPS COUNTY, MISSOURI

1.

Location and Physical Setting

The Rolla Quadrangle covers a small portion of the
Salem Plateau Uplands, the west and southwest facing
escarpment of the Uplands, and rugged ridges and valleys
at lower levels.

The position and sequence of surficial

materials in the quadrangle are somewhat complex with con
siderable variability of materials.

The materials are

representative of soils primarily residual in origin.
Well-developed, thick, stony residual soils having relict
bedrock structure cover the Plateau Uplands.

Thin, clay-

rich, but stone-free soils occur on adjoining lower level
ridge crests.
materials.

Both types are developed on the same parent

However, thick residual soils with relict bed

rock structure do exist on the lower ridges underlain by
parent materials having an increased permeability.
The surficial materials of the Rolla Quadrangle are
described relative to their location and geomorphic set
ting in the quadrangle.

Detailed identification of these

materials can be determined by examining the surficial
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material map of the area (Plate 1).

It is important to note

that no text or map describing more than a minute locale
can completely picture the great variability of surficial
materials.

Rather,

surficial materials having generally

the same physical properties and modes of origin, should
be grouped according to sequence of occurrence and pre
dominance of some properties over others.
o

The Rolla Quadrangle covers an area bounded by 37
52' 30" and 38° 00' north latitude and 91
52' 30" east longitude.

45' and 91

Portions of the City of Rolla

lie in the northeastern part of the quadrangle.

The

quadrangle is drained by streams such as Beaver Creek and
the Little Piney River in the south, Camp Creek in the
northwest and Spring Creek in the northeast.

Most streams

and tributaries are gaining (effluent) and the charac
teristics of their alluvial deposits relate to the size
of the stream valleys and parent material sources.
Locally, however, losing valleys (influent streams) exist
and the type of surficial material in these valleys is
indicative of the hydrogeologic setting.
Bedrock in the Rolla Quadrangle ranges from
Pennsylvanian shale, sandstone, and chert on the Uplands,
downward to dolomites and sandstones of Ordovician age.
The Jefferson City-Cotter Dolomite and the Roubidoux
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Formation occur on the Uplands and upper slopes.

The

Gasconade Dolomite crops out in the lower portions of
valleys in the southern part of the quadrangle.

A detailed

geologic study of the area by Lee (1913) greatly assisted
in the mapping and classification of surficial materials.
The Uplands are distinguished by relatively thick
deposits of residual stony red clay with relict bedrock
structure.

The upper ridges adjoining the Uplands are

characterized by a slightly concave upward topographic
surface profile.

With some exceptions, the ridges have

only a thin deposit of clay or silt as a soil cover over
dolomite.

The exceptions are notable and exist where the

Roubidoux Formation forms the surface bedrock.

Greater

vertical permeability associated with the Roubidoux has
accelerated the development of residual surficial materials.
The resultant deposit retains the fabric of the parent bed
rock similar to the surficial material on the Uplands where
the Jefferson City-Cotter Dolomite is the underlying bedrock.
Where Pennsylvanian age bedrock of chert and sandstone
boulders in a shale matrix crop out on the Uplands, soil
cover is thin and clay-rich.

The resistance of the parent

bedrock to erosion has retarded development of thick surfi
cial material even on the upland setting.
While there are only a few major types of surficial
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material in the Rolla Quadrangle, numerous variations
exist depending on slope, material source, stream channel
size, configuration, and the hydrogeologic condition of
the stream.

The major variations are described in the

following text according to watershed and upland position.
The detail of the numerous variations can be seen on the
surficial materials map (Plate 1)„
It is suggested that the thoughts of landscape develop
ment and age, as given by Bretz (1965), be kept in mind
while judging the opinions expressed in this discussion of
the surficial materials in the Rolla Quadrangle.

The con

cepts of McQueen (1943), King (1953), Quinn (1958), Knox
(1966), and Ruhe (1969), also, should be considered.

Bretz

(1965) advocated that there is a uniformity of land surfaces
in the Ozarks, regardless of the geologic setting.

However,

bedrock permeability and susceptibility to solutioning were
considered to have influenced landform development in
Tennessee (Stearns, 1967).

Some of the features in the

Rolla Quadrangle, especially bedrock inclination toward
stream valleys, are similar to those described by Stearns
and earlier by Dicken (1935).

Dicken commented on how

vertical permeability of an upland plateau cap rock and
solutioning of the underlying limestone caused the develop
ment of the Dripping Springs Escarpment in Kentucky.
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McQueen (1943) considered that the Cherokee Group,
a sandstone, chert conglomerate, fire clay, and shale
deposit, was instrumental in forming and preserving the
Uplands that extend from Rolla north and northeastward
to near the Missouri River.

Higher portions of this

upland were considered by Bretz (1965) to be relict landforms of the Springfield Plateau.

The remainder of the

Upland is described by him as a part of the Salem Plateau.
The study of surficial materials in the Rolla
Quadrangle indicates that soil type and thickness, as well
as local relief, are affected primarily by bedrock lithology.
There appears to be no reason to dispute McQueen's opinion.
Rather, there is some justification to question landform
dating based on relief relative to other landscapes.
The development of the southwest facing Salem
Plateau Uplands escarpment may be likened in part to
processes suggested by Dicken (1935) in Kentucky.

In the

Rolla Quadrangle, however, the permeable cover is a thick
stony clay residual soil that develops subsequent to the
removal of the protective Pennsylvanian shale and sand
stone overburden.

With the protective bedrock stripped

off, recharge of acid surface waters to the underlying
carbonate

bedrock gradually increases, especially as the

acid soil medium thickens.

A steepened groundwater
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hydraulic gradient, controlled by the valleys draining off
the escarpment face, locally intensifies subsurface drain
age and consequently related solutioning effects.

For

example, losing valleys are common along the fringe of the
Salem Plateau Uplands adjoining the escarpment (Fig. 1,
Appendix C ) .

These processes contribute to the destruction

of bedrock forming the Uplands and the erosional retreat
of the escarpment.
The relationships of the Salem Plateau Uplands and
the stepped sequence of lower surfaces formed by ridges
projecting in a generally westward direction from the
Plateau escarpment (Fig. 2, Appendix C ) , follow the thoughts
of landform development espoused by Ruhe (1969) and Daniels
et al. (1971).

According to their concepts, the Salem

Plateau escarpment is a truncating surface younger than
the surface of the Salem Plateau Uplands.

Therefore, the

surficial material, SUMAC unit DD-11, formed on this trun
cating escarpment surface, would be younger than the surfi
cial material, DD-13, formed on the Uplands.

The greater

depth and intensity of weathering of SUMAC unit DD-13 on
the Uplands, as compared with the thin and poorly developed
profile of SUMAC unit DD-11, corroborates their age con
cepts of these land surfaces.

Daniels (1971, p» 58) goes

on to state that an erosional surface is the same age as

Figure C.l.

Aerial view of a losing valley (influent stream)
at the western edge of the Salem Plateau Uplands,
Rolla Quadrangle, Missouri.
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the escarpment, and the adjoining ridges toward the west.
The diagram is oriented in a southwesterly direction
from the vicinity of Rolla toward Beaver Creek, Rolla
Quadrangle, Missouri.
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the depositional surface it is graded to.

Therefore, the

ridge crest at the first stepped level below the escarpment,
should be the same age as the escarpment.

Where the bed

rock, the Jefferson City-Cotter Dolomite, is the same on
the ridge crest as the bedrock exposed on the escarpment,
the surficial materials are the same, DD-11.

However,

where factors such as lithology or hydrology change,
physical properties of the surficial materials also change.
Where the bedrock of the crests is the Roubidoux Formation,
surficial materials increase in thickness with greater depth
of weathering.

These ridge crest materials have relict bed

rock structure and bear close resemblance to surficial mate
rials present on the Salem Plateau Uplands.

However,

according to the ideas of Daniels ejt aJL. , these deeper
weathered deposits, classified and mapped as RD-13, on the
ridge crest would have the same landform age as the remain
der of the ridge crest and the escarpment.

Daniels et al.

(p. 58) states that internal environment may be more impor
tant than age in soil formation.

The ridge crest-Salem

Plateau escarpment example supports their statements.
Although little has been done to date in applying these
ideas to the Ozarks, the Ozarks should offer a classic
setting for study by students who wish to use geomorphology
and soil morphology precepts in landform analysis.
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The outline followed in describing surficial mate
rials in the Rolla Quadrangle relates the surficial mate
rials to the area where they occur.
sidered distinctive for this purpose.

Five areas are con
These areas are

the Little Piney Watershed in the southern portion of the
quadrangle; Camp Creek Watershed in the northwest; Wildcat
Branch and other northward draining watersheds to Spring
Creek in the north-central portion; Spring Creek Watershed
at U.S. Highway 63 and east in the northeastern portion of
the quadrangle; and the Uplands in the eastern portion of
the quadrangle.
Although topographic boundaries between watersheds
or between uplands and slopes, for example, are distinct,
boundaries drawn to show different types of surficial
materials represent transitional changes.

Although signi

ficant differences exist between surficial materials in
different watersheds or on upland prairies, the changes
are neither abrupt nor necessarily coincidental with the
topographic boundaries.
Texture and thickness of surficial material deposits
highlight the major changes between the watersheds and
between watersheds and adjoining uplands and upper ridges.
Generally, the surficial materials in the Little Piney
Watershed are coarse textured sands and gravels and
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relatively thick, 10 to 25 feet.

Camp Creek Watershed

surficial materials include relatively thick plastic clay
resting on unweathered Jefferson City-Cotter Dolomite,
and residuum of the Roubidoux Formation with preserved
relict bedrock structure.

The Wildcat Branch and related

watersheds are characterized by a very thin soil cover over
Jefferson City-Cotter Dolomite.

Soil thickness increases

in the Spring Creek Watershed and so does the extent of
deposits remnant from Pennsylvanian sediments.
The differing results of landforming processes can be
seen in the Uplands, the escarpment slope, and the upper
most ridge levels in the Rolla Quadrangle.

The Salem

Plateau Uplands are capped by a relatively impermeable
residuum derived from shale and sandstone of Pennsylvanian
age.

This is underlain by dolomite of Ordovician age.

The

dolomite is relatively unweathered where exposed.
The escarpment slope, a recently formed land surface,
has thin, generally clay-rich, soil that lacks a welldefined profile.

Plaster and Sherwood (1971) describe the

inhibition of profile development and clay migration that
occurs in a carbonate-rich soil.

Weathering, in part, a

process of carbonate solution at the soil-rock interface,
has progressed very little on this relatively young land
surface.
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The uppermost ridge levels immediately below the
Salem Plateau Upland surface have soils similar to those
on the escarpment slope, except where the Roubidoux is
the underlying bedrock.

Here there is no landform indica

tive of bedrock variation, but the thickness of surficial
material increases perhaps twenty-fold, locally from 1 foot
to 20 feet.

The surficial deposits in this setting, where

the Roubidoux Formation is mainly a dolomite, usually pre
serve the fabric of the parent bedrock.

Birkeland (1974,

p. 143) has described the effects of parent material on
soil profile development noting that there is less oppor
tunity for clay-enriched strong soil profiles to develop
over permeable parent materials.

This is well-illustrated

in the SW%, Sec. 11; SE%, Sec. 10; NW%, Sec. 15;

and Sec.

16, T.37N., R.8W. (Rolla Quadrangle).
In the northern part of the Uplands, Pennsylvanian
residuum has protected the underlying dolomite from deep
weathering.

Southward from Rolla, for example, in SE%,

Sec. 14, T.37N., R.8W., where there is little evidence of
Pennsylvanian residuum, the dolomite bedrock has been more
exposed to the affects of weathering.

Here, the Jefferson

City-Cotter Dolomite has been deeply weathered so that 15
to 30 feet of surficial material covers the dolomite.
Generally, the relict structure of the parent bedrock is

207

well-preserved in the surficial material.
Consequently, it is apparent that characteristics of
surficial materials and sequences of landform development,
are the results of multiple interrelated factors.

Birkeland

(1974, p. 181) has commented on this in his mentioning that
topographic variations cause changes in pedogenesis and
geologic surficial processes.

He notes that sorting out

the influence of these effects on soil distribution is
difficult.

Elsewhere in the Ozarks (Harvey and Skelton,

1972), other landform changes caused by the hydrologic
characteristics of a watershed further support Birkeland's
word of caution.

2.

Little Piney Watershed

a.

General Description
The southern portion of the quadrangle is drained

by the Little Piney.

It is a somewhat rugged ridge and

valley terrain having stony soils underlain by weathered
bedrock, generally the Roubidoux Formation, a sandstone
and dolomite.

Some of the upper ridges have a thin soil

cover over slightly weathered Jefferson City Dolomite.
By way of contrast, massive bluffs of the Gasconade Dolomite
crop out along portions of the Little Piney River.

The
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Little Piney Watershed is the most complex portion of the
quadrangle from the aspect of surficial materials.

(1)

Slope Deposits
The variety of residual deposits is related more

to slope and degree of weathering than to parent material
differences.

Parent materials include the Jefferson City

Dolomite, Roubidoux Formation, a sandstone, dolomite,
and chert sequence, and the Gasconade Dolomite, mostly a
massively bedded dolomite with some chert.

Only limited

exposures of the Jefferson City exist in this area of the
quadrangle.
Residual deposits on the ridge crests are predominantly
gravelly clay formed from weathering of dolomite in the
Roubidoux and Jefferson City Formations.

An admixture of

sand and chert gravel, usually angular, represent the sand
stone and chert residual fraction of the Roubidoux
Formation.

Thus, the surficial material, while clay-rich,

is poorly sorted with coarse material ranging from sand up
to cobble in size.

Locally, relict bedrock structure and

residual, angular, blocky, dark red clay, 5R 3/6, exists.
Most of the clay is a yellowish-red, 5YR 5/6, with a medium
angular to subangular, blocky structure.

Because of creep

movement associated with the rugged slopes over most of
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this area, the relict structure of a truly in-situ residual
deposit has been destroyed.

This creep movement, together

with a mixture of residuum ranging from clay to cobble in
size, has produced a poorly sorted deposit on the ridge
crests.
The most notable variation between steeper ridge
slopes and the ridge crests is the greater percentage of
coarser material on the steeper slopes.

Angular chert

gravel predominates in a clay, silt, and sand matrix.
Where slopes become excessively steep, few fines remain
and the deposit is mostly angular cobbles or boulders with
a silt matrix.

Locally, sandstone and dolomite bluffs,

barren of soil, occur near the Little Piney or on the lower
slopes of its tributaries.

The bluffs were not mapped

separately, but included in the map unit of angular cobbles
and boulders with a silt matrix as that was more regionally
representative.
Near the Little Piney, in the southwestern most part
of the quadrangle, Gasconade Dolomite crops out more
extensively than the Roubidoux Formation.

Moderate slopes

underlain by Gasconade commonly have a surficial material
consisting of silty clay with some chert fragments.

There

is a gradual transition between these clay-rich materials
(DD-12) and the clayey gravel (RD-44), associated with the
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overlying Roubidoux.

While this boundary is shown as

a precise line on the map (Plate 1), there may be a 20
to 40 foot interval in which the transition occurs.

Also,

clayey gravel, residual from the Roubidoux Formation,
slumps down onto silty clay residual from the Gasconade
Dolomite.

This usually is limited to steeper slopes and

then seldom more than a 15 to 20 foot interval.

Usually,

detailed on-site exploration with drilling is needed to
accurately define these occurrences.

(2)

Alluvial Deposits
Alluvial deposits in the Little Piney Watershed

portion of the Rolla Quadrangle generally are typical of
gaining (effluent) streams.

Stratified sand and gravel,

with larger fragments usually subrounded, are persistent
in most of the valleys.
silt or sand loam.

The surface soil consists of a

Locally, clay deposits can be found

in smaller tributaries.

Also, some steep narrow tributary

valleys have deposits of subangular cobbles and boulders.
The streams drain across sandstone and dolomite.

The

watersheds are mostly sandstone and chert with some dolo
mite.

Thus, the coarse fraction of the alluvium has a pre

dominance of chert fragments.

Sand is prevalent in the

surface soils, but not as deposits of loose sand.
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A common SUMAC designation of alluvium in this area
is AX-37/AX-57/DD.

This indicates that poorly sorted clay-

free sand overlies rounded or subrounded cobbles mixed with
sand and silt which overlie dolomite.

Most notable varia

tions are clay-enriched deposits associated with depositional terraces.

The most striking development of this is

in the SE^, NW^, NW%, Sec. 3, T.36N., R.8W., where highly
plastic clay, 10 feet or more, is present.

These accumula

tions appear to represent slack water deposits later beveled
by stream erosion.
Some strath terraces eroded into colluvial and alluvial
deposits, also exist; clay-enrichment, with soil profile
development, has occurred on these terraces.

This mate

rial is a poorly sorted mixture of clay, silt, sand, and
gravel.

Gravel is usually the minor constituent.

No

stratification is apparent nor is there any indication that
the adjoining hillslope would be the parent material source.
The prediction of the SUMAC category-unit-combination
of alluvial deposits is a risky venture.

For example,

Little Beaver Creek and its tributaries, such as Wolf Creek,
have material generally similar to that in Beaver Creek.
However, a stream near the center of Sec. 20, T.37N., R.8W.,
tributary to Little Beaver Creek topographically like its
sister to the north, has distinct losing conditions.
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Surficial deposits in this losing stream are quite different
from those in adjoining valleys.

A similar change is

apparent in a portion of Wolf Creek.
Thickness of alluvium in valleys such as Beaver Creek
is 15 to 20 feet and 20 to 30 feet in the Little Piney.
Tributaries of Beaver Creek having generally similar mate
rial, are noted for more numerous bedrock exposures in the
stream channels.

Thickness of alluvium in these tributaries

is 5 to 10 feet.

b.

(1)

Engineering Geology Implications

Slope Deposits
One of the most striking features of the slope deposits

in the Little Piney Watershed is the general success of
water impoundments.

The admixture of varying sizes of mate

rial in the Roubidoux residuum, together with slope creep,
has tended to destroy the fabric of the relict bedrock
structure, thus decreasing permeability.

Natural densities

of 90 to 95 pounds per cubic foot (lbs. cu/ft) are also
typical of the Roubidoux residuum as compared with 65 to
80 lbs. cu/ft, typical of residual red clays that main
tain the fabric of the parent material.

The destruction

of the relict bedrock structure and the increase in natural
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densities are primary causes for the success of water
impoundments.
A thickness of at least 10 feet of residuum should
be expected in this area.

Average thickness figures

range from 15 to 20 feet.

Thickness of the Roubidoux

clay-rich residuum on the ridge crests and upper slopes
is variable because of bedrock weathering affects.
Steeper slopes with predominance of stony surficial
material have high permeability.

Many more problems exist

here than on the upper ridge slopes.

Slope steepness,

coarse material, and less thickness of surficial material,
usually hinder many projects.

However, there normally is

sufficient clay in the matrix to provide adequate binder
material to achieve compaction without undue effort.
Many problems exist where slopes are excessively
steep and the surficial material is mainly boulders or
cobbles mixed with silt.

Some rock falls and ravelling

should be expected from slopes excavated into the sand
stone of the Roubidoux Formation.

Gasconade bedrock excava

tion will have few rock fall problems.
The silty clay soils developed on the more moderate
slopes of the Gasconade Dolomite in the southwestern part
of the quadrangle, would lend themselves to water impound
ments if stream gradients were less steep.

Thickness of
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the surficial material is variable because of solution
effects in the weathering of the dolomite.
nesses range from 12 to 15 feet.

Average thick

Dolomite outcrops occur

rather frequently, which should warn that construction
plans ought to be preceded by detailed exploration.

(2)

Alluvial Deposits
High permeability characterizes the alluvial deposits

in the Little Piney Watershed.

Waste disposal lagoons in

this setting will have severe leakage problems.

It would

be important to search out more clay-rich slack water
deposits, strath terraces, or abandon the project, unless
remedial measures, such as use of an artificial sealant,
are feasible.

If suitable soils consisting of deposits

having at least some clay in the matrix can be found, limit
ing the depth of excavation may reduce the costs of remedial
sealant treatments.
A well-developed depositional terrace on Beaver Creek
exists in the center of S%, Sec. 29, T.37N., R.8W.

Here,

some clay and silt in a sand and gravel mixture form a
poorly sorted deposit that would reduce leakage problems.
Excavations in the alluvium should proceed with few
hinderances other than high rates of water infiltration.
Depths to bedrock are relatively uniform, except where

215

intense weathering has occurred in losing valleys.
Except for the few segments of losing streams, favor
able prospects await projects involving discharge of wastewater or dams.

Obviously, bedrock characteristics, as well

as features of the surficial material, will influence the
success of a lake.

3.

Camp Creek Watershed

a.

General Description
Surficial materials in this northeastern portion of the

Rolla Quadrangle are more closely related to parent material
and landform position than slope.

By contrast, slope was

more important in the Little Piney River Watershed.
Two bedrock formations in the Camp Creek Watershed
influence surficial material properties, the Jefferson CityCotter Dolomite, and the Roubidoux Formation.

The Roubidoux

is a sequence of dolomite and sandstone with some chert.
Outcrops of the Jefferson City-Cotter are widespread on the
upper slopes of the watershed; the Roubidoux persists along
the lower slopes and beneath most of the valleys.
Surficial materials typical of the outcrop area of the
Jefferson City-Cotter consist primarily of a yellow-brown
(7.5YR 5/8) clay, SUMAC unit DD-11.

These deposits
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generally range from 3 to 8 feet in thickness.

Locally,

very thin, 0 to 6 inches, silt deposits, DD-27, partially
cover dolomite outcrops where the thicker clay deposits
are absent.

These bedrock glades range from less than 1

acre to locally 5 to 10 acres in size.

They were not mapped

separately, but could be illustrated with some accuracy on
large scale maps, such as 1 inch to 500 feet.
It is of interest to note that no surficial materials
resting on the Jefferson City-Cotter Dolomite, either ridge
top or slope, have weathered sufficiently to develop a thick
residual soil with relict bedrock structure.

By way of con

trast, extensive deposits of surficial materials resting on
the Roubidoux Formation retain the fabric of relict bedrock
structure.

These deposits range from 8 to 20 feet in thick

ness and are mapped as RD-43.

When one considers that the

landform setting is similar for the two types of surficial
materials, the conclusion is apparent that bedrock lithology
exercises more control than slope on the physical properties
of surficial materials.

This can be further illustrated by

reference to variations in surficial materials related to
the hydrologic setting of a stream valley as described in
Appendix E, Brookline Quadrangle.

However, it will be

pointed out later in the Rolla Quadrangle study, that where
bedrock is the same, landform shape and position can affect
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the type of surficial materials if no effects are attributed
to the prior existence of overlying bedrock.

These conclu

sions seem obvious, but even so, a variety of explanations
as to landform shapes and ages have been offered in the past
without reference to the detail of bedrock lithology or
hydrologic setting as contributing factors to present landform shapes or soil thickness and fabric.

(1)

Slope Deposits
The most extensive surficial material on slopes in

this watershed is a yellow-brown plastic clay.

This deposit

is residual on the Jefferson City-Cotter Dolomite and covers
most of the upper watershed slopes.

The lower watershed

slopes consist of several types of residual deposits derived
from the Roubidoux Formation, a dolomite and sandstone
sequence with interbedded chert.
The surficial material residual on the Jefferson CityCotter Dolomite is a thin yellow-brown (7.5YR 5/8) plastic
clay, DD-11.

Deposits range from 5 to 8 feet in thickness,

which is thicker than typical of this material over most
of the quadrangle.

Locally, however, bedrock outcrops

persist with a discontinuous veneer of silt.

These areas

range from less than 1 acre, to locally as much as 5 to 8
acres in size.

They were not mapped separately in this
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study, but could be shown with some accuracy on large
scale maps.
The surface of the Jefferson City-Cotter bedrock is
uniform in profile and shows little effect of weathering.
Uniformity in thickness and persistence of SUMAC unit
DD-11 is the rule.

Causes of thickness variations are

usually obvious, steep slopes, narrow ridge crests, or
the active erosion of small tributaries.

No apparently

loessial soils or fragipans occur in this portion of the
quadrangle.
Uniformity is typical of the lower slopes along the
Camp Creek Watershed.

For the most part, the surficial

materials consist of clay-rich angular gravel.
classification is RD-44.

The SUMAC

Relict bedrock structure is not

typical, but no doubt did exist prior to slope creep move
ments associated with the present landform position.

No

doubt detailed exploration with excavation equipment in
areas mapped as RD-44 would expose surficial materials
which would still have the fabric of the parent materials.
The upper portion of the Roubidoux Formation is pre
dominantly a cherty dolomite and is more apt to be the
parent source of surficial materials having relict bedrock
structure.

A fairly extensive occurrence of this unit,

RD-43, exists in the SE%, Sec. 30, T.38N., R.8W.

The SUMAC
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unit RD-43 is a sequence of beds of angular chert gravel,
cobbles, and boulders, interlayered with zones of red clay
(5R 3/6).

The thickness of the unit ranges from 8 to 15

feet.
There are probably areas mapped as unit RD-44 on the
upper portions of gentle slopes underlain by the Roubidoux
Formation that should be mapped as RD-43.

Where natural

drainageways exist, slope creep movement is common, thus
what is mapped along a stream valley may not represent the
deposit on an adjoining gentle slope.

A typical example

could be the crest of a ridge in the SE%, Sec. 25, T.38N.,
R.8W., now mapped as RD-44.

An excavation in the ridge

crest could expose SUMAC unit RD-43.

However, slope

deposits are expected to be RD-44 because of fabric destruc
tion by creep movement.
On very steep slopes, generally where massive sand
stones typical of the middle portion of the Roubidoux
Formation crop out, the surficial materials are mainly
angular sandstone cobbles with a silt, sand, and gravel
matrix, SUMAC unit RR-67.

This material could be excavated

with ease and is thin, 1 to 3 feet.

(2)

Alluvial Deposits
The alluvial deposits are uniform in make up, a
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somewhat unusual feature of alluvium.

Mostly, the deposits

in the downstream portion of Camp Creek are subrounded to
subangular, stratified gravel mixed with sand and silt with
little clay.

A typical deposit is A X - 27/AX-57/RZ.

surface soil is usually a silt.

The

Thickness of the alluvium

is irregular due to the uneven surface profile of the under
lying Roubidoux bedrock.

However, 10 feet would represent

a general average.
Upstream portions of Camp Creek and its tributaries
have more clay-rich alluvial deposits, such as AX-47/AX-51/
RZ.

The cause is probably a clay-rich source, SUMAC unit

DD-11.

Sufficient clay exists in these areas to act as a

firm binder for the gravel.

The thickness is somewhat less

than downstream alluvial deposits.

Bedrock outcrops occur

in stream channels, and a 5 to 8 foot thickness estimate
would be representative of this setting.

b.

Engineering Geology Implications
Projects involving impounding liquids, water or

sewage, will have few problems throughout the area if
thickness of soil is adequate.

Most leakage problems

would occur along gravel layers in SUMAC unit RD-43,
through permeable gravel in the downstream portion of Camp
Creek, SUMAC units AX-27/AX-57/RZ, or where fractured
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bedrock is exposed by excavation,,

Hillslope excavation

for sewage lagoons in units RD-43, RD-44, and obviously
RR-67, should be discouraged due to lateral permeability
that could be moderate to high, especially where the fabric
of the parent bedrock still exists.
Although the gravel is clay-rich in alluvial deposits
of upstream Camp Creek and its tributaries, leakage will
still be a hazard unless sealant plans, padding, or bento
nite, are carried out.

All streams are gaining, typical

of alluvial deposits AX-57 or AX-51, but low flow problems
related to inadequate dilution of effluent should be con
sidered in upper watersheds where SUMAC unit DD-11 is
widespread.
Projects that include excavation may be hindered by
bedrock where unit DD-11 exists, unless excavation depths
are limited to 3 to 5 or locally 8 feet.

The relatively

impermeable clay would be excellent for landfills if soil
thickness were adequate.

Conversely, drainage impedence

typical of this unit, DD-11, can interfere with house
foundations or with stability of road beds.

Excavations

in units RD-43 and RD-44 should encounter few problems.
Most hinderances will be due to boulders and the irregu
larity of the bedrock profile.

However, the moderately

permeable soil and presence of the underlying Roubidoux
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offset the attractiveness of excavation ease when con
sidering these units as landfill sites.

The shallow depth

of SUMAC unit RR-67 limits ease of excavation.

Excavation

in the alluvium will have seep water problems, especially
in the downstream portion of Camp Creek.

4.

Wildcat Branch and Other Northward Draining Watersheds
West of U.S. Highway 63

a.

General Description
Essentially only the Jefferson City-Cotter Dolomite

occurs in this area, the north-central portion of the Rolla
Quadrangle.

Clay-rich sediments remnant from patches of

Pennsylvanian material scattered on ridge tops locally
influence soil materials.

(1)

Slope Deposits
As in Camp Creek Watershed, clay-rich deposits, SUMAC

unit DD-11, are typical of Jefferson City-Cotter-related
surficial materials.

The most significant difference from

Camp Creek Watershed deposits of this type is the thinness
of the clay, especially on ridge tops and upper slopes east
of Wildcat Branch.

Bedrock outcrops are common.

The aver

age thickness of unit DD-11 is 3 feet, except on lower
slopes where it is 5 to perhaps locally 10 feet thick.
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The Pennsylvanian residuum present as isolated out
crops on ridge tops consist of clay with admixtures of
chert and sandstone fragments.

The SUMAC designate of

HK-11 indicates that the surficial material is a plastic
clay-rich deposit residual from a shale having an abundance
of cobble size fragments.

Locally, where sandstone occurs,

the surficial material contains numerous boulders.

What

is uniformly typical though, is that the surficial mate
rials consist of a plastic clay.

It resembles clay residual

from the Jefferson City-Cotter Dolomite, SUMAC unit DD-11.
However, clay in SUMAC unit HK-11 has brighter colors and
the soil structure has coarse jointing with slickenside
faces on the joints.

Thus, while the Unified System desig

nate for clay residual from the Pennsylvanian and the
Jefferson City-Cotter bedrock formations is the same, CH,
the other characteristics assist in its SUMAC identifica
tion.

(2)

Alluvial Deposits
Alluvial deposits in this area are generally clayey

stratified gravels, AX-52.

Locally, clayey alluvium, AX-11,

occurs in headwater tributaries draining from clay-rich
slope deposits, DD-11.

Average thickness of the alluvium

is 10 feet, although deposits in upper watersheds may be
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less than 5 feet.

Where headwater portions of tributaries

extend onto steeper slopes of the Jefferson City-Cotter
Dolomite, the thickness of the alluvium seldom exceeds 3
feet.

b„

Engineering Geology Implications
Impoundments, lakes, ponds, or sewage lagoons, have

the same problem, except more severe, as in the Camp Creek
Watershed:

lack of soil.

Only the lower slopes can be

expected to have sufficient soil for ponds.

Even on these

lower slopes lagoons will be adversely affected because of
the need to maintain a flat floor gradient.

However,

lagoons on the broader floodplains should not be seriously
hindered provided that excavation depths do not exceed 3
or 4 feet.
Excavation on all slopes will be affected by thin soil.
Landfill sites in this area are not feasible, except in the
area's abandoned fire clay pits.

House foundation excava

tions will have problems with drainage impedence due to
clay-rich soils and seepage along bedding planes of the
Jefferson City-Cotter Dolomite.
Excavations in the floodplains should have few problems
provided that depths do not exceed 8 or 10 feet.
seep water will occur.

However,

Thus, landfill sites or deep

anerobic or aerated sewage lagoons are not feasible.
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Foundations for roads and buildings, in general, will
have construction features similar to those in the Camp
Creek area.

However, fewer road settlement problems will

occur due to the more shallow soil cover in the Camp Creek
Watershed.

Most foundations for larger structures, in fact

even for many single family dwellings, will be founded on
bedrock.

5.

Spring Creek Watersheds, U.S. Highway 63 and East

a.

General Description
The most widespread bedrock and SUMAC unit are the

Jefferson City-Cotter Dolomite and residual yellow-brown
plastic clay, DD-11.

Properties of the surficial material

are similar to those previously described.

The most signi

ficant widespread difference is greater thickness, 5 to 10
feet, as compared with similar deposits west of U.S.
Highway 63 in the Wildcat Branch Watershed.

Perhaps most

similarity is exhibited with Camp Creek Watershed where
SUMAC unit DD-11 has a thickness range of 5 to 10 feet.
A striking exception to the typical yellow-brown,
fine, subangular blocky clay residual on the Jefferson CityCotter occurs in the NW%, SW%, SW%, Sec. 25, T.38N., R.8W.
Here, on an apparent strath terrace, a residual deposit with

226

relict bedrock structure, SUMAC unit DD-13, overlies the
Jefferson City Dolomite.

The presence of unit DD-13 in

this topographically low valley setting on a terrace is
noteworthy when compared with the more common upland loca
tions.

Similar, but smaller and less well-developed

deposits of DD-13 occur on slopes adjoining Spring Creek.
These deposits are associated with bedrock that has been
subject to movement, probably solution slumpage.

Thus,

there is the possible contributing factor of accelerated
weathering causing the development of a residual deposit
that has preserved relict bedrock structure.

The dark red

color of these local deposits also indicates less drainage
impedence when compared with the yellow-brown plastic clay
of SUMAC unit DD-11.

This is a logical corollary associ

ated with solution or fault-affected bedrock.

(1)

Slope Deposits
On some steeper slopes, surficial material associated

with the Jefferson City-Cotter is stony.

This material, a

gravel size angular chert deposit with a silt matrix,
VX-47/DD, includes numerous sandstone boulders remnant on
the slopes.

Most of this sediment is from Pennsylvanian

rocks, but it has slumped downslope over the Jefferson
City-Cotter.

It is a thin surficial material some 3 to 6

feet in thickness.
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Where slopes are not quite as steep, more clay is
found in the matrix of the gravelly surficial material
residual from the Pennsylvanian.

This admixture of mate

rial, SUMAC unit VX-44/DD, represents a somewhat more poorly
sorted sequence of materials than does unit VX-47/DD.

SUMAC

unit VX-44/DD is also slightly thicker, a 6 to 8 foot aver
age, than VX-47/DD.
The most noticeable difference between materials in the
Spring Creek Watershed and watersheds toward the west, is
the widespread presence of Pennsylvanian bedrock.

On the

relatively flat Uplands, the surficial materials are a clayrich residuum, HK-11, derived from a shale containing gravel
to boulder size rocks, mostly sandstone.

A fragipan or lag

gravel of poorly consolidated, poorly sorted, subrounded
chert, gravel to cobble in size, caps the residual surface
of SUMAC unit HK-11.
surface soil.

This deposit is covered by a loessial

The sequence is mapped as SUMAC units

EX-12/FX-47/HK-11.
Pennsylvanian deposits on the slopes are noticeably
stony.

Those that have slumped downslope onto the Jefferson

City-Cotter have been described.

Sandstone boulders and

sandstone bedrock ledges, probably remnants from preexisting
Pennsylvanian-filled sinks, exist in several portions of
Sec. 25, T.38N., R.8W.

Several large sinkholes appear to
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have existed with some linearity in the NE% of Sec. 25.
The largest mass of boulders is in the SW%, SE%, Sec. 25.
These boulders are mapped as RB-27, sandstone boulders with
a silt matrix.
There is essentially no material that could be exca
vated from the sandstone deposits.

Small hand dug excava

tions could be made with relative ease between the boulders.

(2)

Alluvial Deposits
Alluvial deposits consist of silt underlain by silt-

rich subrounded gravel, AX-27/AX-57, indicating affects of
water transport and sorting.

Thickness of these deposits

is variable, but an average range would be 10 to 15 feet.
Alluvium in tributaries draining from steep slopes
shows little evidence of transport.

Angular cobbles mixed

with silt, AX-67, locally underlain by residual clay
derived from the Jefferson City-Cotter, represents the
more common unit.

These deposits are relatively thin,

3 to 5 feet.

b.

Engineering Geology Implications
Little can be added to the comments made on SUMAC

unit DD-11 in the Camp Creek Watershed discussion.

One

note of caution is perhaps necessary though in the Spring
Creek Watershed.

While the present mapping indicates more
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Pennsylvanian deposits than shown on the map by Lee (1913),
it is highly unlikely that all Pennsylvanian sediments are
shown on the map (Plate 1).

Thus, excavation in surface

material that appears to be unit DD-11 could expose deposits
of massive sandstone boulders.
SUMAC unit VX-47/DD, present on steep slopes of 20 to

257o gradient, offers little to attract development.

Besides

the steep slopes, inadequate thickness, permeability, and
the well-sorted mixture of silt and angular gravel do little
to enhance the physical attributes of this deposit.
Where Pennsylvanian sediments occur on slightly less
steep slopes than those previously described, somewhat
fewer problems hinder construction.

Here, SUMAC unit

VX-44/DD, occurring on slopes of 10 to 15%, is sufficiently
thick to eliminate bedrock problems for most house founda
tions.

Water impoundments will have minor leakage problems

in this setting, but only a very limited surface acreage
can be obtained.

The admixing and creep movement of clay,

silt, sand, and gravel downslope has resulted in a poorly
sorted deposit that can be compacted with a minimum of
effort.
Residual deposits associated with sandstone ledges,
RR-27, and sandstone boulders, RB-27, are not found on
excessively steep slopes.

However, if the project cannot
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be accomplished without excavation, blasting will be
necessary where unit RR-27 exists.

Even blasting will

be a frustrating and expensive chore where unit RB-27
occurs.

The boulders are too large for common excavation,

yet will be difficult to remove except by individual blast
ing of each boulder.

Projects involving water impoundments

are not feasible in the area of boulder deposits.

With the

limited areal extent of sandstone ledges, water impoundments
could be easily relocated.
The Salem Plateau Uplands, mapped as SUMAC units
EX-12/FX-47/HK-11, provide an excellent setting for water
impoundments or landfills.

The area available in the Rolla

Quadrangle, however, is too near urban settings for such
projects.

Thus, the disadvantages of this unit will be more

apparent as development proceeds.

Drainage impedence will

affect house foundations and roads and the clay-rich sub
soils will hinder most foundation-related projects.

Engi

neering design precautions should be considered for loaded
structures if strength and settlement standards must be met.
While the alluvial deposits are moderately permeable,
some projects can be considered in the floodplain setting.
Roads can be easily constructed and impoundments in some
tributaries to Spring Creek are feasible.

Some housing

development is possible above flood affected areas.
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Waste disposal may be a problem because leakage is
expected to occur in deposits mapped as AX-27/AX-57.
High water tables will also affect excavations into floodplain deposits.

6.

Salem Plateau Uplands and Adjoining Ridges

a.

General Description
Surficial material consisting of stony red clay,

DD-13, derived from weathering of the Jefferson City-Cotter
Dolomite underlies most of the Uplands.

Locally, bouldery

sandstone and shale bedrock of Pennsylvanian age has a thin
residuum of surficial material, mostly a cobbly clay, HK-11.
The west and southwest facing escarpment slopes adjoin
ing the Salem Plateau Upland in the Rolla Quadrangle have
only a veneer of surficial material deposits.

These

deposits, a yellow-brown clay, DD-11, range from 0 to 5
feet at the most in thickness.

There is no well-developed

soil profile perhaps for reasons previously cited
(Plaster and Sherwood, 1971).

(1)

Upland Deposits
The surficial material on the Uplands has properties

typical of those formed in place by weathering of carbonate
bedrock.

Low natural densities, 65 to 80 pcf, permeability
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of 10”

6

~1

to 10”' cm/sec., blocky angular soil structure

and dark red color, 5R 3/6, are common properties of the
residual red clay deposits.

The stone content varies

from absent in the clay pockets up to more than 50% in
many areas.
507, stone.

However, the overall material has less than
The stones are angular chert, generally gravel

size, but in many areas up to boulder in size.
A fragipan or lag gravel, SUMAC unit FX-47, is present
locally beneath the modern soil.

The lag gravel is an 18

to 24-inch thick deposit of poorly sorted gravel with a
silt matrix.

The coarse material, 1 to 4 inches in diam

eter, is 10 to 307, rounded to subrounded with the remainder
being subangular.

The finer sized gravel, 1/2 to 1 inch

in diameter, is angular.

The more rounded fragments have

a patina surface.
The lag gravel is generally loosely consolidated.
Locally, on the broad Uplands, the thickness and consolida
tion increases to some extent.

Where the lag gravel occurs

on the upper slopes, it appears to be a facies of stony
horizons that persist as chert layers in the relict soil
profile.
Of interest, is the absence of residual soil in a
railroad cut located in the NW%, NW%, SW%, Sec. 11, and
E%, Sec. 10, T.37N., R.8W.

This occurs at 1100 feet
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elevation.

Here, only brown silty clay, EX-12, typical

of soil considered to have a windblown origin is present
over the bedrock.

The residual red clay, SUMAC unit DD-13,

does not exist at this location.

However, in the exposure

of soil at the Phelps County Courthouse, SW%, SW%, NE%,
Sec. 11, and in an exposure near the railroad cut in the
SE%, SW%, NW%, Sec. 11, both in T.37N., R.8W., residual
clay deposits typical of unit DD-13 are well-developed.
These exposures are at an elevation of approximately 1080
feet, some 20 feet lower than the 1100 foot exposure in
the railroad cut where residual soil is absent.

Approxi

mately 1/4 mile west of this railroad cut, residual soil
overlain by a lag gravel and loess are present at eleva
tions ranging from 1100 to 1125 feet.
Surficial material unit DD-13, exposed in an excava
tion at the Rolla Landfill, NE%, SE%, SW%, SE%, Sec. 14,
T.37N., R 08W., has a thickness of more than 17 feet.

A

nonpersistent deposit of lag gravel beneath the modern
soil has rock fragments ranging from gravel to boulder in
size.

Portions of the larger material are rounded to sub

rounded.

Finer materials, less than 1/2 inch in diameter,

are angular.

The stones in the lag gravel are chert resi

dual from the Jefferson City-Cotter Formations.
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The effect of landform shape and position is illus
trated in the extreme southeastern portion of the Rolla
Quadrangle (E%, SE%, Sec. 36, T.37N., R.8W.) and the
adjoining portion of the Dillon Quadrangle.

A losing

(influent) stream flows north and thence eastward in a
shallow valley upon the Uplands near the Plateau escarp
ment.

Surface drainage, lost by seepage into permeable

alluvium and cavernous bedrock, has been pirated in the
subsurface to the watersheds draining westward from the
escarpment face.

Direction of subsurface flow from the

upland valley has been traced with dye by the author to
the point where it emerges as surface flow draining west
ward to the Little Piney Watershed.
The considerable relief of the escarpment has caused
a steepened groundwater gradient.

This is believed to

have accelerated bedrock solutioning so that bedrock is
deeply weathered.

Surficial materials exceed 40 feet in

thickness in this area.
valley soil deposits.

Very little clay remains in the
This contrasts with the clay-rich

surficial material, generally less than 30 feet in thick
ness, that has formed as residual deposits from the
Jefferson City-Cotter Dolomite elsewhere in the area.
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(2)

Alluvial Deposits
The alluvial deposits in stream valleys draining west

and southeasterly from the Uplands indicate the past
existence of an almost flat aggrading land surface where
poorly sorted deposits are expected.

The alluvium, more a

colluvial deposit in the truest sense, consists of a modern
silt-rich soil, 1 to 3 feet thick, underlain by a silty
clay mixed with angular chert fragments, 1/2 to 1 inch in
diameter.

The gravel portion of this 2 to 4 foot thick

subsoil varies from 0 to 30%..

This subsoil is persistent

and grades downward into a gravelly deposit, 2 to 5 feet
thick, with a clay matrix.

The gravel in this deposit is

1 to 3 inches in diameter, subrounded and has a patina
surface indicating effects of prolong surface exposure.
Larger fragments, 6 to 12 inches, make up 5 to 10% of this
portion of the alluvium.
subangular in shape.
silty and sandy.

The larger fragments are usually

The matrix is a plastic clay, locally

In some places clay-rich residuum of the

Jefferson City-Cotter underlies the alluvium.
Stratification in the alluvium is locally apparent,
but its absence in a regional sense is noteworthy because
these deposits are in some of the larger streams draining
the Uplands.

The SUMAC designation of AX-27/AX-14/AX-54/

DD indicates a valley fill of poorly sorted, rather than
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well-sorted deposits.

Since the "alluvial" deposits show

little evidence of sorting or transport, it is apparent
that slope wash, colluvial slope creep, and aggradation
dominated the upland scene until the present drainage
systems began removing the accumulated sediment.

It is,

therefore, considered that the valley appearance of today is
one of exhumation.

The lack of depositional terraces would

tend to substantiate this conclusion.

Similar observations

were made during the mapping of the Vienna Quadrangle
(Chapter VII).

b.

Engineering Geology Implications
Because only two sequences of surficial material

deposits are widespread on the Uplands, DD-13, and the
alluvium, AX-27/AX-14/AX-54, the engineering geology
description will be limited to these deposits.
Although permeability in excess of that normally
expected for a clay-rich deposit characterizes residuum
with relict bedrock structure, DD-13, seepage from waste
disposal sites must be evaluated.

Sealants, preferably

those that are sodium-rich, should be considered if pollu
tion via seepage is a likely hazard.

With a few notable

exceptions, most ponds and lakes hold water.

The probable

explanation for this is that SUMAC unit DD-13 has not been
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as extensively weathered as the red clay soils in the
eastern portion of the Ozarks (Alcott, 1970).
Excavations should have few problems except for
isolated areas where bedrock pinnacles are at shallow
depths.

The lag gravel is only locally consolidated to

the extent that it interferes with shallow excavations.
Typically, SUMAC unit DD-13 is well-drained and wellconsolidated.

Therefore, foundations should not have

problems other than those routinely associated with the
project.

The thickness of DD-13 ranges from 10 to 30 feet

with an average of 20 feet.

This further assists in reduc

ing construction costs.
The lack of stratification and the plastic clay-rich
matrix of the alluvium enhances this deposit for impound
ments.

Locally, gravel zones with a silt matrix do occur,

but these are not persistent.

With the average thickness

of 10 to 15 feet to bedrock, dams can be constructed with
positive cutoffs provided the bedrock is not unusually
permeable.

Landfill sites are not feasible due to proximity

to groundwater, but shallow excavations for liquid waste
disposal should experience few problems.
Excavations in the alluvium will have few problems
except for flooding.

Flash floods are a problem because

of watershed configuration and the urban setting.

However,
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water in the subsurface is limited to seepage and minor
flows in more persistent gravel lenses.

Thus, dewatering

is not a serious hinderance.
Foundation and settlement problems are less than those
customarily associated with alluvium.

This is probably due

to the poorly sorted mixture of material and absence of
large areas of soft water-saturated alluvial deposits.
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APPENDIX D

CUBA QUADRANGLE, SALEM PLATEAU,
CRAWFORD COUNTY, MISSOURI

1.

Mapping Procedures

An effort was made to group all like surficial mate
rial units in the Cuba Quadrangle.

Thus, a great number

of local variations are not shown on the map.

Surficial

materials can be mapped in any degree of detail desired,
ranging from a very minute description of perhaps a square
mile to a relatively simple portrayal of deposits over
hundreds of square miles.

Although it is more time con

suming to map an area in greater detail, as was done for
the Rolla Quadrangle (Plate 1), there is some difficulty
in determining which units to group when a less complex
portrayal of surficial material units is desired.

However,

it is much easier to observe general trends of surficial
material when a few SUMAC units represent a relatively
broad area.
The complex relationships of slope, vegetation,
drainage, parent material, and landscape history, result in
a multitude of physical and stratigraphic variabilities.
When these variabilities of surficial materials are mapped
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to some detail, this may create the misleading impression
that all variabilities have been determined and mapped.
Such a goal can never be achieved in the mapping and
description of surficial materials, even in the most
detailed of efforts (Birkeland, 1974, p. 181).

A surface

examination supplemented by a reasonable amount of subsur
face data can only begin to detect some of this variability.
One of the disadvantages of less detailed map illus
tration is that the relationships of surficial materials
to bedrock in the stream valleys are not shown.

This hin

ders both hydrogeologic interpretations as well as evalua
tion of engineering properties.

For example, some SUMAC

units are typical of losing streams.

However, these same

units can be found in gaining watersheds where the source
material for those particular units exists in abundance.
Thus, cause and effect relationships, so important in sur
ficial material mapping and classification, bear close
scrutiny from watershed to watershed or area to area.

2.

Physical Setting and Location

Most of the Cuba Quadrangle consists of Salem Plateau
Uplands.

However, the southern third is a ridge and valley

setting formed as the Upland escarpment erodes northward.
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A small segment of the Meramec River is present in the
southern most portion of the quadrangle.

Thus, there are

essentially two physiographic subprovinces, the relatively
flat Salem Plateau Uplands and the adjoining ridge and
valley country to the south.
For the most part, the characteristics and the
relationships of the surficial materials are relatively
simple in the Cuba Quadrangle.

There has been less vari

ability in the development of landforms than in some other
portions of the Salem Uplands and the adjoining escarpment
fringe.

Nevertheless, the effect of parent materials on

the development of surficial materials is apparent.

An

outstanding example of this occurs a short distance south
of the Cuba Quadrangle in the SE%, NE%, SE^;, Sec. 20,
T.38N., R.5W.

Here, loess occurs on a topographic bench

formed in sandstone some 20 to 30 feet below a hilltop
made up of resistant massive sandstone of the Roubidoux
Formation to the south of the Cuba Quadrangle.

At this

location, the loess, some 4 to 6 feet thick, rests on
stony residuum of sandstone.

This isolated occurrence of

a loess deposit appears to be a remnant protected by sand
stone from more severe landscape erosion.
The surficial and parent materials of the Cuba
Quadrangle typify the problem of consolidated versus
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unconsolidated classification, particularly where the
Pennsylvanian sediments are present.

It would be a matter

of judgement from one individual to another as to what
constitutes consolidated or unconsolidated material in
this setting.

The Pennsylvanian bedrock, which underlies

the Uplands, consists of shale, fire clay, and sandstone
intermixed with chert and sandstone fragments, gravel to
boulder in size.

By some definitions this could be

described as unconsolidated for a thickness of as much as
80 or 100 feet.

However, common excavation methods have

not been able to move this type of material with any degree
of ease below depths of 10 to 20 feet.

This same example

would apply to the Roubidoux Formation, particularly where
it has been deeply weathered.
The description of the surficial material deposits
in the Cuba Quadrangle is given in two portions.

The

first discusses the surficial materials in the southern
third of the quadrangle, the area consisting of ridges
and valleys that lie to the south of the Salem Plateau
Uplands.

This setting is drained by tributaries flowing

in a generally southward direction toward the Meramec
River.

The second portion describes the surficial mate

rials that lie on the Salem Plateau Uplands in the central
and northern portions of the quadrangle.

Essentially, this
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is all of the area that lies north of the St. Louis-San
Francisco Railroad with the exception of an extension
of the Uplands along Missouri State Highway 19 south of
Cuba.

Relationships of the surficial materials can be

determined by examining the surficial map of the Cuba
Quadrangle (Plate 2).
The Cuba Quadrangle covers an area bounded by
38° 00' 00" and 38° 07' 30" north latitude and 91° 22'
20" and 91° 30' 00" east longitude.

Bedrock in the

quadrangle ranges from Pennsylvanian strata to Ordovician
formations consisting of the Jefferson City-Cotter
Dolomite, the Roubidoux Formation and the Gasconade
Dolomite.

While Pennsylvanian material includes shale,

fire clay, sandstone and chert boulders, the predominance
of one rock type over others is generally sufficiently
well-developed to be mapped.

Confusion exists where few

exposures exist on the Uplands, for example, northeast of
Cuba.

If no boring data or deep excavations are available

for examination, boundaries are arbitrary at best.

Regional

trends may be the only guideline as to what type of surfi
cial materials exist beneath the modern soil.
Few exposures of the Jefferson City-Cotter Dolomite
are present.

Where these do exist, they consist of well-

bedded dolomite that has been little affected by weathering.
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In contrast, the Roubidoux Formation, an interbedded
sequence of dolomite, sandstone, and chert, has been
extensively affected by weathering.

Only the massive

sandstone beds persist as continuous rock outcrops.

The

Gasconade, a dolomite, is the oldest formation exposed in
the Cuba Quadrangle.

It is present as exposures along

the Meramec River and adjoining tributaries,
Creek.

such as Pruett

Some bluffs are present, but for the most part,

dolomite is covered by a residual stony clay soil.
Maps by McQueen (1943) and Stewart (1944) assisted in
the study of the quadrangle.

A concept expressed by McQueen

(p. 4), that more resistant bedrock underlying the Salem
Plateau Uplands was a significant factor in Upland preser
vation, has been supported by type and location of surfi
cial materials in the Cuba Quadrangle.

3.

Ridges and Valleys, Southern Portion

a.

General Description
All of the SUMAC units that are most characteristic

of the southern portion of the quadrangle are described
in this section of the discussion.

Units which also occur

in the central and northern portions of the quadrangle, even
though some of them extend southward along the ridge crest,
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are described in the following section of this appendix.
The most widespread bedrock outcrop in the southern
part of the quadrangle is the Roubidoux Formation.

SUMAC

units RD-44, a stony clay, and RR-47, a silty gravel, are
typical of the outcrops of the Roubidoux.

SUMAC units

DD-11 and DD-13 occur where the Jefferson City-Cotter and
Gasconade Dolomites are present.

Examples of a few rather

isolated surficial material units include SUMAC unit RR-37,
a sandy residual deposit on the Roubidoux, and VX-14, a
colluvial deposit on more gentle hillslopes adjoining the
Meramec River.
The alluvium is characterized by two major types of
surficial material category-unit-combinations.

Angular

gravel with a silt matrix, AX-47, is present in the tribu
taries flowing southward to the Meramec River.

The alluvium

typical of the Meramec River, AX-27/AX-57, is basically
a silt and sandy gravel deposit with few persistent zones
of clay.

SUMAC unit RD-44
(Angular gravel in a clay, silt, and sand
matrix)
The most widespread residual unit is SUMAC unit
RD-44, formed from the weathering of the Roubidoux Formation
and locally from Pennsylvanian bedrock, particularly
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southeast of Cuba.

Unit RD-44 consists of angular gravel

with a mixed clay, silt, and sand matrix.

More clay-rich

areas occur where dolomite was more abundant than sandstone
in the parent material.

However, the clay-rich deposits

are discontinuous and grade laterally and vertically into
more stony material.

The size of the coarse fragments

varies from angular gravel of less than an inch in diameter
to boulders that are many feet in diameter.

Boulders are

prominent where massive sandstone is the parent material.
Even in this setting, however, the predominant coarse frag
ment is gravel size.
Thickness ranges are extreme, from a few inches to
tens of feet.

An average depth to relatively sound b ed

rock would be 15 feet.

SUMAC unit RR-47
(Angular gravel in a silt matrix)
Another widespread unit, RR-47, consisting of coarse
angular gravel with a silt matrix, is present on the steeper
slopes of the southeastern portion of the quadrangle.

This

silty, stony surficial material unit is associated with
sandstones of Pennsylvanian age and the middle and lower
portions of the Ordovician age Roubidoux Formation.

SUMAC

unit RR-47 is persistent at and below the elevation of the
massive sandstone portion of the formation.

Almost all of

247

the Roubidoux outcrop area in the southeastern portion of
the quadrangle appears to be covered by SUMAC unit RR-47.
Depth to bedrock is usually less than 10 feet and sand
stone outcrops are numerous.

Depths are uniform except

where pinnacles of Pennsylvanian sandstone occur along the
higher ridge tops.

SUMAC unit RR-37
(Sand in a predominantly silt matrix)
A surficial material unit representing a very sandy
deposit residual from the Roubidoux has been mapped in por
tions of Secs. 10 and 11, T.38N., R.5W.

This unit, RR-37,

represents a sand-rich material somewhat typical of the
area.

It is a stone free, thin deposit of soil overlying

the Roubidoux Formation.

Depth to bedrock, sandstone in

the area of this deposit, ranges from 4 to 7 feet.

SUMAC unit DD-11
(Clay residual from dolomite)
SUMAC unit DD-11 is typical of surficial materials
resting on the Jefferson City-Cotter Dolomite in the north
eastern portion of the ridge and valley area.

The interest

ing aspect of SUMAC unit DD-11 is its presence in a region
where most of the surficial materials are formed from exten
sive weathering of bedrock.

SUMAC unit DD-11 represents a

setting where little bedrock weathering has occurred.

It is
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a plastic, yellow-brown clay having no relict bedrock struc
ture and few remnants of insoluble bedrock fragments incor
porated in the clay deposit.

An explanation as to the cause

of relatively little weathering of the Jefferson City-Cotter
Dolomite and the formation of SUMAC unit DD-11 is possibly
the protection offered by a previously overlying sandstone.
Where massive Pennsylvanian sandstone is regionally exten
sive, as near Cuba, the underlying Jefferson City-Cotter
Dolomite persists as relatively unweathered bedrock capped
by a thin surficial material unit, DD-11.

However, where

the Salem Plateau Upland surficial materials are predomi
nantly a clay residual from Pennsylvanian shale, exposures
of fresh dolomite and SUMAC unit DD-11 are not widespread.
Locally, the soil cover over the Jefferson CityCotter Dolomite is only a veneer of silt.

For example,

it is 0.5 to 1.5 feet thick in and near the limestone
quarry, in the NW%, SW%, SE%, Sec. 2, T.38N., R.5W., south
of Iron Center School.

Such exceptions are limited in

extent and were not mapped in this study.
could be outlined on larger scale maps.

These thin areas
The general soil

thickness ranges from 3 to 7 feet of silty clay.

Locally,

exposures of 12 to 15 feet of silty clay have been observed.

SUMAC unit DD-13
(Clay with relict bedrock structure overlying
bedrock)
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Residual red clay with well-defined relict bedrock
structure occurs over Gasconade Dolomite outcrops along the
Meramec River.

Unit DD-13 has coarse, angular to subangular

blocky structure, dark red color, and exhibits persistent
layers of chert fragments and weathered remains of dolomite.
Relict bedrock structure in the soil fabric is apparent in
many exposures.

This unit, DD-13, is markedly different in

soil structure, fabric, and color from the surficial mate
rial described as VX-14, which covers the Gasconade Dolomite
in Secs. 13 and 24, T.38N., R.5W.
Thickness of SUMAC unit DD-13 varies because of exten
sive weathering and pinnacled bedrock.

An estimate would be

8 feet, but there can be 15 to 20 feet of soil between bed
rock pinnacles.

SUMAC unit DD-27
(Silt loam overlying dolomite)
Occurrences of this unit are limited to steep slopes,
especially along the Meramec River.

The area mapped does

not represent the total extent of this SUMAC unit, because
only the more widespread deposits were recorded.
The area mapped as DD-27 includes numerous bedrock out
crops.

Loose bedrock material ranging from angular gravel

to boulder size fragments is present on the less steep por
tions of the river bluffs.
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Unit DD-27 ranges from only a few inches to perhaps
2 or 3 feet in thickness.

Exceptions exist where thicker

accumulations of loose rock material have formed.

SUMAC unit VX-14
(Colluvium of clay, silt, sand, and fine
angular gravel)
More gentle slopes adjoining the Meramec River are
covered by colluvial deposits of clay mixed with silt, sand,
and fine angular gravel.

The predominant texture of SUMAC

unit VX-14 is clay, probably derived from weathering of the
Gasconade Dolomite.

However, downslope movement has

destroyed the relict bedrock structure of residual surficial
material typical of Gasconade outcrops elsewhere in the
quadrangle.

The gentle colluvial slopes blend into terrace

remnants on the Meramec River floodplain.
Thickness of the deposit is variable because of the
slope position.

At least 10 feet of soil appears to be

present everywhere.

Locally, thickness can reach 20 feet.

SUMAC unit AX-47
(Alluvium of angular gravel in a silt and
sand matrix)
SUMAC unit AX-47 is a poorly sorted deposit of angular
gravel with a silt and sand matrix.

It is an alluvial

deposit that characterizes many of the losing (influent)
valleys in the quadrangle.

However, even some valleys which
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have persistent flow also have alluvial deposits of SUMAC
unit AX-47.

The explanation for this is related to source

material in the watershed.

Generally, deposits of AX-47

occur in stream valleys that collect material washed or
slumped from gravelly slopes made up of cherty sandstone
residuum mapped as SUMAC unit RR-47.
Some stream valleys, particularly those which have
eroded into massive sandstone horizons of the Roubidoux,
have a noticeable boulder size fraction in the alluvium.
However, in all of these valleys, angular gravel size frag
ments still predominate.

The most distinctive characteris

tic of the unit is the angularity of the gravel and larger
size fragments indicating little transport except, perhaps,
in storm flow surges.

Very little clay occurs, especially

in those valleys where the surface water is lost via perme
able surficial material and cavernous bedrock into the sub
surface.
Thickness of SUMAC unit AX-47 is variable from 5 to 20
feet.

An average estimate of 8 feet is regionally applic

able, although larger valleys, such as Pruett Creek, can be
expected to have 15 to 20 feet of the material.

SUMAC units AX-27/AX-57
(Silt overlying rounded gravel in a silt
and sand matrix)
The Meramec River is distinctive not only in size, but
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in the characteristics of the surficial material that make
up its alluvial deposits.

Some 10 to 12 feet of silt and

very little silty clay overlie rounded-subrounded gravel with
a matrix of silt and sand.

The thickness of the gravel por

tion is somewhat variable, but an average would be 35 feet.

b.

Engineering Geology Implications
Projects involving lake sites, sewage lagoons or solid

waste sites can be expected to have many problems in the
southern and southeastern portions of the quadrangle.

How

ever, there are a few successful lakes in the southwestern
portion of the quadrangle where SUMAC unit RD-44 occurs.
Here, the poorly sorted mixture of gravelly clay residual
from weathering of the Roubidoux is favorable for small lakes,
ponds, and locally, waste disposal sites.

Problems exist,

however, where zones of sand and gravel are widespread.
Leakage hazards are especially severe where SUMAC unit
RR-47 is widespread.

Little to no clay occurs within the

matrix of this deposit.

Sandstone boulders are numerous and

depth to bedrock is shallow.
SUMAC unit DD-13 also is noted for water loss problems.
The chert layers, relict from parent bedrock, and low den
sity of the clay detract from waterholding and dam building
possibilities.
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The relatively watertight deposits typical of DD-11
unfortunately are generally inadequate in thickness for
most waste disposal projects, except, perhaps sewage lagoons
sited in an opportune location.

Rugged terrain, where unit

DD-11 usually exists, is poorly suited for most types of
waste disposal operations.
The alluvial deposits that are characteristic of tribu
taries draining southward in the ridge and valley segment of
the quadrangle are permeable.

The poor sorting and colluvial

mode of origin, typical of SUMAC unit AX-47, attest to the
likelihood that the valley is losing at least in some seg
ments.

There are locally sites where suitable water impound

ments can be constructed, but for the most part, the hazard
of water loss through permeable alluvial deposits is a high
risk.
There is little likelihood that solid waste facilities
would even be considered on the Meramec River floodplain.
However, sewage lagoon sites which would require shallow
excavation have fewer limitations.

An artificial sealant

may be needed at some locations because of permeable sur
face soil of silt.

Flooding, of course, is a risk.

Projects which require a sound foundation for footings
can be accomplished with routine exploration and design
procedures in the ridge and valley area.

Two items of some
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significance should be noted, however.

One is the abrupt

lateral transition that can occur from massive sandstone
to clay-rich stony soils that have high swell potential.
Secondly, there have been local reports of catastrophic
sinkhole collapse in the terrain mapped as SUMAC unit RD-44.
This has occurred immediately south in the Steelville
Quadrangle, where unit RD-44 is persistent.
Few foundation problems should occur in the tributary
valleys provided that adequate exploration is completed to
determine depth to bedrock.

Depth to bedrock normally is

shallow, only 5 to 10 feet, but locally may be as much as 15
to 20 feet in the larger tributaries, such as Pine Creek.
The irregularity of bedrock profile would be the most diffi
cult aspect to outline correctly for foundation design
plans, particularly in the larger tributaries where massive
sandstone occurs.
There are no records within the quadrangle to indicate
depth to sound bedrock in the Meramec River alluvium

How

ever, regional estimates of 30 to 50 feet could be used as
an approximation of alluvium thickness.

4.

Salem Plateau Uplands of the Northern Portion

a.

General Description
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One of the most persistent features of surficial
materials in the central and northern portions of the Cuba
Quadrangle is the abundance of clay in the matrix of the
surficial material.

Even though most of the surficial mate

rial is derived from a sandstone or a sandstone-shale bed
rock, laboratory analysis of soil samples and the perfor
mance of existing structures, especially ponds, indicate the
presence of clay.
shale and loess.

The source is twofold, Pennsylvanian
Loess remnants exist as isolated deposits

throughout the area.
For the most part, the bedrock is sandstone, although
portions of the Uplands have significant amounts of shale
and fire clay.

This is particularly true in the headwaters

of Brush Creek and in the interfluves between Brush Creek,
Pleasant Valley, and Perry Creek.
One of the most notable features concerning topography
of the central-northern part of the quadrangle is the influ
ence exerted by the Roubidoux Formation.

For the most part,

the Roubidoux, which occurs on the west side of the Cuba
Fault, is made up of well-bedded, relatively massive sand
stone.

The sandstone has been sufficiently resistant to

influence the shape of topography so that a series of topo
graphic steps or benches are apparent where the Roubidoux is
persistent.

In places, a topographic break can be observed
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between Pennsylvanian age bedrock and the Roubidoux
Formation.
Loess is widespread on the higher portions of the
Uplands.

However, not all of the Uplands are loess capped,

especially the very highest portions.

Some have soil con

sisting of stony residual materials usually derived from
sandstone.

Loess is also found in isolated settings on

lower slopes where it has been protected in the topographic
breaks by resistant sandstone beds.
There is no apparent relationship between the loess and
faulting; neither is there an apparent relationship between
the loess and upland topographic position.

Rather, as de

scribed above, the occurrences of loess are more commonly
associated with certain landform shapes affected by resis
tant bedrock lithologies.

An example of this was also given

at the beginning of the discussion on the Cuba Quadrangle.
The effect of resistant bedrock is also apparent in
rock-defended terraces present on some of the larger
valleys.

Few, if any, terraces appear to be depositional.

There are eleven surficial material units described and
mapped in the central and northern portions of the quad
rangle.

The most widespread are sandstone related.

Even

the alluvium is influenced by sand derived from the Salem
Plateau Uplands.

Overall, however, as previously noted,
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the overriding influence is clay.

SUMAC units EX-12/HB-14 and EX-12/RB-44
(Loess over bouldery shale or sandstone)
The more widespread occurrences of loess are generally
at or above elevation 1000 feet.

The loess is considered to

represent two sequences of deposition, Yarmouth and Sangamon.
At two localities the Sangamon appears to lap onto and per
sists over the underlying Yarmouth loess.

At one of these,

SE%, SW%, NW%, Sec. 36, T.39N., R.5W., adjacent to the
gravel road adjoining the St. Louis-San Francisco Railroad,
a stone line is associated with the Sangamon.

At another

locality, SE%, NE%, NW%, Sec. 27, T.39N., R.5W., both pro
files are well-developed with a particularly strong fragipan
in the silt portion of the Yarmouth loess.
The loess or loesses, depending on location, has a
moderately well-developed profile with a clay-rich "B"
horizon.

However, the deposit of loess as a whole is

assigned to SUMAC unit EX-12 since silty clay is the pre
dominant texture.

Even the clayey "B" horizon is only

moderately plastic (MH) and has a relatively high percentage
of silt (40 to 507o).

Some sand from local sources,

Pennsylvanian and Ordovician sandstones, make up as much as
107o of the loess.
Although the loess is more widespread on the Salem
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Plateau Uplands, it does not occur on the highest portions
of the Uplands in the Cuba Quadrangle.

For example, along

Missouri State Route F at Zenser Cemetary, SW%, Sec. 22,
T.39N., R.5W., Roubidoux outcrops cap the Uplands at an
elevation of 1086 feet.

Loess deposits are present to the

north and northeast in the northern portion of Sec. 21 where
elevations are 1000 feet to 1020 feet.

A similar situation

exists at the Junction of Missouri State Highway F and
Interstate Route 44, where soil residual from shale and
sandstone occurs at 1090 feet.

Loess is present approxi

mately one mile toward the east where the average elevation
ranges from 1020 feet to 1060 feet.
Thickness of the loess varies from 3 to as much as 8
feet.

Some of the thickest deposits of loess occur in

Sec. 36, T.39N., R.5W., approximately one mile west of Cuba.
The underlying bouldery clay, HB-14, is variable in thick
ness from 15 to as much as 40 feet.
Physical properties of the surficial material units
which underlie the loess will be described in subsequent
paragraphs.

One should consider that it is not realistic

to describe the loess blanket as separate from the under
lying material.

Modification of vertical drainage and

slope features are more strongly influenced by surficial
materials underlying the loess than by the loess.

The
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lack of subsurface data, however, severely limits the reli
ability of interpretations made on surficial materials
underlying the loess.

SUMAC units UU-12/HB-14
(Silty clay overlying bouldery shales)
This sequence of units represent material that is
associated with shale-rich Pennsylvanian age strata.

The

more widespread occurrences of these deposits are in the
southwestern and north-central portions of the Uplands.
Obviously, some of the bedrock mapped as bouldery shale can
have persistent outcrops of bouldery sandstone.

While it is

certainly a matter of judgement as to whether shale or sand
stone predominates, visual observation, together with boring
data made available through the courtesy of the Missouri
Highway Department, tend to agree in the determination of
which lithology is more persistent.

There also appears to

be more clay associated with the overlying soil where shale
bedrock is persistent.

A comment to this affect was made by

Gerald Wallace (1974, pers. comm.) in describing the problems
caused by clays on highway construction near Lanning School.
The most unreliable boundary between parent materials
of shale or sandstone exists north of Cuba northeastward
toward Prairie Creek.

The decision of surficial material

classification of HB-14 or RB-44 was based on apparent
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regional trends since data from borings or manmade exposures
were lacking.
There is a distinct boundary between the surface soil,
generally silty clay or silt loam, and the residual clay
that is associated with the underlying Pennsylvanian bedrock.
The surface soil locally has a stone line which marks the
basal portion of this deposit.

The stone line consists of

rounded gravel, usually with a patina surface, and angular
gravel.

The gravel source is chert remnant from Ordovician

bedrock.

The stone line is not persistent, although it is

confined to the Uplands and is better developed in the
Lanning School area.
The surficial material derived from weathering of
Pennsylvanian shale is extremely variable in appearance and
properties.

Shales are gradually weathering into clay-rich

deposits that vary from red to brown and yellow in color.
In places, some of the residual clay material can be mis
taken for the clay that is typical of clay derived from the
weathering of dolomite (SUMAC unit DD-11).

More commonly,

clay typical of that weathered from Pennsylvanian shale,
has a red color (10R 4/6) and a coarse, angular, blocky
structure.
There is generally less than 507. stone content in
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the residuum of Pennsylvanian bedrock.

However, variation

in texture is abrupt and some outcrops have extensive sand,
gravel, and cobble-rich soils derived from a facies of boul
dery sandstone.
Thicknesses range from 12 to 35 feet.

Locally, filled

sink deposits have 40 to 60 feet of material which can be
excavated by conventional means.

SUMAC units UU-14/RB-44
(Silty and sandy clay overlying bouldery
sandstone)
Sandstone is more extensive near the southern portion
of the Salem Plateau Upland escarpment, especially east of
the Cuba Fault.

It also occurs in widespread outcrops in

the northeastern portion of the quadrangle and along the
fault east of McDade Spring.

There is a significant varia

tion of this SUMAC unit with SUMAC units UU-12/HB-14 in the
abundance of sand over clay.

For the most part, the surface

soil has a significant amount of sand and silt in the clay
matrix.

Also, gravel and boulder fragments are more common

in the residual material derived from Pennsylvanian sandstone
than the shale described as parent material for SUMAC unit
HB-14.

Generally, SUMAC units UU-12/RB-44 are noted by the

gravelly characteristics of the soil.

If it were not for

the clay matrix derived in part from shale mixed with
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sandstone parent material and no doubt in part from loess,
these deposits would be similar to areas where Roubidoux
sandstone outcrops are widespread.
Persistent exposures of sandstone outcrops occur
throughout the area where SUMAC units UU-14/RB-44 have been
mapped.

The massive sandstone outcrops are distinctive in

their effect on landform.

Stream channels may be con

stricted to narrow, scenic gorges.

If one were mapping in

greater detail these isolated sandstone outcrop areas could
be delineated with a different SUMAC classification, usually
RB-47 or RB-99.
Thickness of the SUMAC units UU-14/RB-44 varies from
a veneer of silt in areas of persistent sandstone outcrops
to an average depth to sound bedrock of 5 to perhaps as
much as 8 feet.

SUMAC unit RR-24
(Silt with a clay and sand matrix overlying
sandstone)
The Roubidoux Formation on the Salem Plateau Uplands
is persistent west of the Cuba Fault.
the flatter portions of the topography.

Loess is present on
Residual material

derived from weathering of the Roubidoux is typical of what
one would expect from a sandstone lithology.

There is

sufficient clay in the residual material to retain water
in ponds with little evidence of seepage losses.

The clay
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associated with silt and sand is not representative of
clay residual from weathering of dolomite, such as described
with SUMAC unit RD-44, also residual from the Roubidoux.
Rather, the clay and silt of SUMAC unit RR-24 is thought
to have been derived originally from loess which undoubtedly
covered much more of the area than its present outcrops
would indicate.
The uniformity of SUMAC unit RR-24 is one of the most
distinguishing features of this surficial material deposit
when compared with most of the other units present on the
Salem Plateau Upland.

A stone-free surface soil, 2 to 3

feet thick, usually is underlain by a sandy clay containing
some angular gravel fragments.
also 2 to perhaps 3 feet thick.

This portion of the soil is
Medium to massive beds of

sandstone characteristically underlie the surficial mate
rial.

Locally, on steeper slopes, sandstone outcrops,

partially covered with a silt-rich thin surface soil, occur
at the surface.

Mapping at a larger scale could include

these silt-covered sandstone outcrop areas.
Generally, the thickness of SUMAC unit RR-24 is 5
feet.

Some variations occur because of the somewhat

angular configuration caused by the resistant beds of
sandstone on the outline of surface topography.

Where

loess exists in the areas protected by more massive
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sandstone beds, there may be some areas where the surficial
material deposits are 5 to 8 feet in thickness.

SUMAC unit RR-47
(Angular gravel with a silt matrix derived
from sandstone)
The characteristics of this SUMAC unit have been
described previously in the outline of the ridge and valley
portion of the Cuba Quadrangle.

Only a few areas on the

Salem Plateau Uplands were mapped as having persistent
sandstone outcrops with a residuum of angular gravel in a
silt matrix.
SUMAC unit RR-47 is present where pinnacled sandstone
outcrops exist near the Cuba Fault and along steeper valley
slopes.

Many of these outcrops represent remnants of sink

holes developed in Jefferson City-Cotter Dolomite and later
filled by Pennsylvanian age deposits (McQueen, 1943).

SUMAC unit DD-11
Descriptions of SUMAC unit DD-11 given in the ridge
and valley discussion also apply to the Salem Plateau
Uplands.

The extent of SUMAC unit DD-11 is limited to

outcrops of Jefferson City-Cotter Dolomite east of the Cuba
Fault.

More persistent deposits of SUMAC unit DD-11 exist

along some of the major stream valleys, such as Perry Creek.
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SUMAC unit DD-13
(Clay with relict bedrock structure, derived
from dolomite)
Physical properties of this unit are similar to those
described for the ridge and valley setting of the southern
portion of the Cuba Quadrangle.

The most significant

difference is that the area mapped as SUMAC unit DD-13 on
the Salem Plateau Uplands represents material which has been
derived from weathering of the Jefferson City-Cotter
Dolomite, rather than the Gasconade Dolomite.
SUMAC unit DD-13 occurs along the southern fringe of
the Salem Plateau Uplands.

This setting may be related to

more intensive weathering of carbonate bedrock, thereby
forming a surficial material of dark red (5R 3/6), angular,
blocky clay with relict bedrock structure.

Exposures can

be seen on the road cuts of Interstate 44 eastbound of
Missouri State Highway 19 (NW%, NE%, Sec. 30, T.39N.,
R.4W.).
Because of the conditions of weathering, thickness
is variable.

Depth to firm bedrock can vary from 8 to

20 feet.

SUMAC unit AX-47
(Alluvium of angular gravel with a silt
matrix)
Descriptions have been given previously for this
deposit.

For the most part, SUMAC unit AX-47 is present
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on minor tributaries where Roubidoux sandstone outcrops
predominate.

Consequently, areas where AX-47 deposits

are most prevalent on the Salem Plateau Uplands exist in
the northwestern portion of the Cuba Quadrangle.

The most

pronounced difference with the valleys mapped in the ridge
and valley portion of the quadrangle as having AX-47
deposits, is that the stream valleys on the Uplands usually
are gaining.

SUMAC units AX-37/AX-54
(Alluvium of sand with a silt matrix over
rounded to subrounded gravel with a clay,
silt, and sand matrix)
Many of the tributaries to major river valleys in
the northern portion of the Cuba Quadrangle have a surface
deposit of sand with a silt matrix that overlies a wellgraded deposit of rounded to subrounded gravel with a clay,
silt, and sand matrix.

The widespread occurrence of sand

stone outcrops in the central and northern portions of the
quadrangle account for the source material of the sand-rich
alluvium.

The lack of sorting of the rounded to subrounded

gravelly alluvium is indicative of a colluvial-alluvial
deposit in stream valleys having low gradients on a broad
upland.
The depth to bedrock is 12 to 18 feet, except where
sandstone pinnacles exist.

Some areas have only 5 to 8
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feet of alluvium, especially near the Cuba Fault.

SUMAC units AX-27/AX-37/AX-54
(Alluvium of silt over silty sand resting on
rounded to subrounded gravel with a clay,
silt, and sand matrix)
The larger valleys, for example, Brush Creek or
Pleasant Creek, have alluvial deposits of silt which
overlie a silt-rich sandy subsoil in turn overlying a
rounded to subrounded gravel deposit having a clay, silt,
and sand matrix.

The silt surface soil deposit is charac

teristic of the broad floodplains associated with these
larger valleys.

Except for the presence of a 2 to 4 foot

thickness of a silt surface soil, the alluvial sediments
are similar to those described for units AX-37/AX-54.

b.

Engineering Geology Implications
Although there are several surficial material units

on the Salem Plateau Uplands in the central and northern
portions of the Cuba Quadrangle, engineering properties
of these units are similar.

As previously described, there

is a clay fraction in the matrix of the surficial materials,
regardless of the predominant parent source for the deposit.
Consequently, projects which would involve water impoundment
usually have a moderate to excellent chance of success.
There are local areas which may have problems associated
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with seepage of permeable surficial materials.

Although

permeability of bedrock may be moderate to high, the surfi
cial materials tend to enhance the region as an area suit
able for both the impoundment of water for lakes, as well
as sewage lagoons.
Although some areas have relatively thin soil cover,
particularly those associated with SUMAC units DD-11, RR-24,
and RR-47, the region in general would provide an excellent
setting for solid waste disposal locations.

One of the more

suitable units to prospect for such a development would be
SUMAC units EX-14/HB-14.

However, SUMAC units UU-12/HB-14

would be an excellent alternative for the location of a
solid waste disposal site.

Locations where sandstone or

carbonate bedrock outcrops are extensive should be con
sidered as less suitable for the siting of solid waste dis
posal locations.
Problems associated with foundations will be caused
primarily by the variable depths to bedrock, especially
where SUMAC units DD-13 and UU-14/RB-44 are present.

Where

these units exist, the foundation material could vary from
a plastic clay to a solid ledge of sandstone or pinnacles
of dolomite.

The low density, highly permeable red clay,

typical of DD-13, is poorly suited for some types of founda
tion.

It may be necessary to remove this type of clay and
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replace it with a more suitable foundation material.
Areas where SUMAC units EX-12/HB-14 are present can
be expected to have some severe swell problems.

Drainage

facilities may have to be provided for some types of founda
tions constructed in areas where loess and shale typical of
this unit sequence occur.

Moderate to severe swell and poor

drainage also is common to SUMAC units UU-12/HB-14.
Excavations in the alluvium most commonly will be for
dams.

This work should proceed without undue complications.

For the most part, depth to sound bedrock is relatively uni
form.

Exceptions to this uniformity are drastic, however,

where pinnacles of sandstone exist.
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APPENDIX E

BROOKLINE QUADRANGLE - SPRINGFIELD PLATEAU,
GREENE COUNTY, MISSOURI

1.

Location and Physical Setting

The Brookline Quadrangle in southwestern Missouri
was selected for illustrative mapping and surficial mate
rial classification for two reasons.

It appears to be

representative of the karst peneplain of the Springfield
Plateau, and considerable data on surficial materials were
available.

The quadrangle covers approximately 63 square

miles of an area that lies between the City of Springfield
on the east and Republic to the southwest.

It is bounded

by 37° 07' 30" and 37° 15' north latitude and 93° 22' 30"
and 93° 30" west longitude.

The area is drained by Wilson

Creek, Pond Creek, the Sac River, and numerous sinkholes
and losing valleys.
The development and relationship of the surficial mate
rial units in this area is not complex.

Some nineteen units

in the SUMAC System occur in various sequences and relation
ships with parent materials to form fourteen mappable and
describable combinations of surficial materials.

For the

most part, these deposits are residual on limestone or
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colluvial accumulations in broad, shallow sinkholes or
losing valleys.

Two deposits represent colluvial accumula

tions of soil over limestone on hillslopes and terraces.
Three deposits are sandstone related, and four are alluvial.
Areally, the residual deposits are the most widespread.
They consist of red clay with varying amounts of chert frag
ments in the shallow subsurface.

Colluvial deposits in

losing valleys and sinkholes are widely scattered throughout
the quadrangle.

Sandstone deposits exist along a linear

outcrop of sandstone in part associated with the northwest
trending Battlefield Fault.

Alluvial deposits in perennial

or seasonally gaining streams are the most variable in
nature, but do represent the hydrogeologic setting of the
valley.

2.

Limestone Residual Deposits

SUMAC units FX-65/LL-13
(Limestone parent material for residual clay
having relict bedrock structure, overlain by
poorly sorted angular cobbles.)
General Description - A residual red clay deposit contain
ing some chert and overlain by an associated unit, a persis
tent lag gravel concentration of chert fragments, is the
most widespread sequence of surficial material units in the
quadrangle (Plate 3).

The SUMAC designation is FX-65/LL-13.
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Most of the relatively flat karst uplands are developed
on this sequence of residuum formed from the weathering of
the underlying Burlington limestone.

Surface runoff is

primarily into sinkholes or by infiltration through the
permeable chert and red clay deposits.

Thickness - SUMAC units FX-65/LL-13, as do most surficial
material units in this setting, have an extreme variation
in thickness.
30 feet.

More common thickness ranges are from 8 to

Locally, soil thickness is less than 5 feet over

limestone pinnacles; conversely, thickness may exceed 40
feet in some places.

Lithology - An easily recognized feature of units FX-65/
LL-13 are fields strewn with angular chert fragments,
generally cobble in size, but ranging from gravel to boul
ders.

One must include in his field identification proce

dure the observation that clean fields may be the result
of man's endeavors.

The results of such labors are to be

found in stone piles somewhere along the edge of the fields.
The cobbly chert unit, FX-65, is the source of the
stony surfaces and shallow subsoil.

Although this layer of

chert fragments may exist at depths of several feet below
the modern soil, erosion, poor farming practices, and man
made excavations usually provide numerous exposures.

The
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chert deposit, considered to be a lag gravel concentrate
(Scrivner, 1960, p. 142), is consolidated to the extent
that it can form a topographic break between uplands and
adjoining valley slopes.

Except for this abruptness of

slope, 5 to 87o, slopes of 1 to 3% are typical of SUMAC
units FX-65/LL-13.

The SUMAC designate "FX" is given as

an abbreviation of lag gravel, rather than using a parent
material source abbreviation, (Fig. 1, Appendix E ) .
The underlying red clay unit, LL-13, is a coarse,
angular, blocky clay.

It is dark red, 5R 3/6, except where

yellow-brown, 7.5YR 5/8, color prevails apparently as relict
outlines of former chert beds in the Burlington.
tent in the red clay is low.

Stone con

Where present, it generally

exists as remnants of chert bedding distorted into wavy
layers by solution slumping.
Some of the physical characteristics peculiar to the
residual clay unit include low maximum density and high
moisture content.

This soil breaks apart in angular to

cubic fragments ranging in size from sand to gravel.
Slickensides are common.

Lambe and Martin (1957) have

described some of these properties in detail with relation
to engineering behavior.
Several investigators (Graham, 1967; Alcott,

1970)

have reported that pronounced differences exist between the
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Figure E.1.

Photograph of SUMAC units FX-65/LL-13 showing
relationship of surface stone concentration
and underlying surficial material of residual
clay having the fabric of relict bedrock
structure, southeastern part of the Brookline
Quadrangle, Missouri.
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liquid limits of a sample of this soil type that has not
been dried below its natural moisture content and those of
which have been air dried.

A decrease of approximately 40%

occurred as the result of air drying below natural moisture
content.

X-ray results (Graham, 1969) of a red clay resi

dual from limestone in the Springfield area indicated that
it was a halloysite.

Mechanical properties of clay

described as halloysite by Lambe and Martin (1955) are simi
lar with some of the properties typical of residual red clay
described in the Brookline Quadrangle.
The most prominent mineral constituent of LL-13, iden
tified by x-ray analysis in the initial phase of this study,
is dehydrated halloysite.

The preponderance of the 001

peaks are 7.2 to 7.5 A or slightly more than typical 7.1 to
7.2 A halloysite peaks.

The broad and prominent 4.4 A peak,

especially on the nondispersed sample, is considered as
evidence of a dehydrated halloysite 020 peak.

The abundance

of peaks in the 3.3 to 3.5 A range are believed to be 002
dehydrated halloysite.

The limited expression of a 5 A peak

indicates that halloysite, as shown by a second order peak,
is scarce.

Lastly, expansion with potassium acetate indi

cates dehydrated halloysite.

This treatment will tend to

expand the dehydrated halloysite lattice to 14 A.

Then,

when air dried, it will collapse to 10 A, but remain open
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there at least for a short period of time.

If kaolinite was

present, a 7 A peak would still be expressed after the
potassium treatment because the kaolinite lattice is too
tightly bonded to allow expansion with water layers and
potassium.
Surface soils associated with units FX-65/LL-13 are
silt-rich, especially on the slopes.

Thus, many of the

surficial material units on lower slopes, in sinkholes, or
in losing valleys, have a high silt content.

Associated Units - An area mapped as LL-13 is stratigraphically more closely associated with the surficial material
sequence of FX-65/LL-13.
ated unit is VX-24/LL.

However, the most commonly associ
Unit VX-24/LL, generally a clayey

silt mixed with stones, has been washed into closed or
partly closed depressions of broad, poorly drained sinkholes
or losing valleys.
Unit LL-13 is found where surficial material thick
nesses are generally 4 to 8 feet.

Here, the overlying

cobbly chert lag gravel, FX-65, has been removed by weather
ing or locally, may never have existed.

Engineering Geology Implications - The most common problems
are those of water loss from lakes or sewage lagoons.
cobbly chert unit, FX-65, is almost impossible to seal.

The
The
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underlying red clay unit, LL-13, has. high permeability, but
is not effectively sealed with bentonite.

Usually, a more

sodium-rich sealant is preferred.
Limestone pinnacles pose less of a problem for shallow
excavations in units FX-65/LL-13, then where the associated
unit LL-13 exists alone.

However, the vagaries of carbonate

solutioning processes will confound the most thorough of
exploration procedures even where generally thick residual
soils exist.

SUMAC unit LL-13
(Limestone parent material source for residual
clay with relict bedrock structure)
General Description - SUMAC unit LL-13 consists of red clay,
slightly stony, formed as a residual soil from limestone
that contains some chert.

Unit LL-13 occurs in areas where

the surficial materials residual from limestone are rela
tively thin.

Limestone outcrops are numerous.

Sinkholes

are not common, even though the unit is residual on lime
stone in a regionally karst setting.

SUMAC unit LL-13

occurs on the Uplands, and is limited in extent.

It is a

widespread unit in some adjoining quadrangles.

Thickness - No precise statements of thickness can or
should be made about this unit.

Limestone exposures are

numerous and occur as rounded pinnacles of bedrock.

However,
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an estimate of 4 to 8 feet is sufficiently reliable to make
general plans about projects involving soil thickness.

Lithology - Physically, the dark red clay, 5R 3/6, is little
different from that described for the dark red clay of the
surficial material sequence FX-65/LL-13.

However, unit

LL-13 usually has more chert where unit FX-65 is absent.
This is probably the result of thin soil cover and numerous
bedrock exposures common to areas mapped as SUMAC unit
LL-13.

MontmorilIonite usually is found in the red clay of

LL-13 within a few inches of the underlying bedrock.

Miller

(1965, p. 185) and Ruppert (1970, p. 60) reported that
expandable lattice minerals were present in close proximity
to the limestone bedrock.

However, the main portion of the

red clay soil profile, except for the "A" horizon, had
kaolinite as the predominant clay mineral.
Because the persistent upper chert cobble zone, FX-65,
is absent, fields have fewer large rock fragments.

However,

the overall percentage of stones in the subsoil may be
greater than in areas mapped as FX-65/LL-13.

The fragments

are more commonly large gravel to small cobble in size.

Associated Units - Unit LL-13 persists laterally as a
stratigraphic continuation of units FX-65/LL-13, where
surficial material is relatively thin on the karst uplands.
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Sinkholes and their associated colluvial deposits are uncom
mon where only unit LL-13 is present.

Engineering Geology Implications - The red clay of unit
LL-13 is physically like that of the combined SUMAC units
FX-65/LL-13.

Problems associated with leakage and compac

tion are similar.

Most excavations will be more difficult,

however, due to limestone pinnacles (Fig. 2, Appendix E ) .
Very shallow excavations will be bothered less frequently by
the persistent near-surface chert layer, FX-65.

Problems

associated with sinkholes and catastrophic collapse are less
severe than with SUMAC units FX-65/LL-13.

SUMAC units EX-11/FX-65/LL-13
(Loessial silt parent material for plastic clay
surface soil that overlies a limestone residuum
of lag gravel and red clay.
General Description - This sequence of units, EX-ll/FX-65/
LL-13, is limited in extent and is mapped only on the flat
uplands near the south-central part of the quadrangle.
These units are physically like the previously described
units FX-65/LL-13, except for the important effects of the
modern soil, the Lebanon, mapped as SUMAC unit EX-11.
Generally, detailed description of modern soils are beyond
the scope of this surficial materials classification and
mapping.

However, some modern soils may have stratigraphic
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Figure E.2.

Limestone pinnacles as formed in bedrock overlain by
SUMAC unit LL-13. The sharp soil-bedrock contact is
typical of these deposits in southwestern Missouri,
Brookline Quadrangle, Missouri.
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importance.

The Lebanon soil, for example, is considered

as Pleistocene loess (Scrivner,

1960).

Modern soils also

can have distinctive and important engineering properties
that can effect design and construction of roads, homes,
and waste disposal facilities.

The relatively impermeable

claypan subsoil of the Lebanon changes many of the surface
features and engineering properties common elsewhere to the
underlying surficial material units FX-65/LL-13.

Thickness - This combined sequence of units, EX-ll/FX-65/
LL-13, is probably the thickest surficial material deposit
in the quadrangle.

An average depth of 30 feet to bedrock,

the Burlington limestone, is representative.

There are 3

to 4 feet of modern soil, the Lebanon, that covers the
residual surficial material, FX-65/LL-13.

Lithology - The physical properties of units FX-65/LL-13
have been described previously.

One difference where the

sequence of surficial material units EX-11/FX-65/LL-13
occurs, is the absence of residual stone fragments on the
surface.

The plastic clay subsoil of the Lebanon severely

impedes vertical drainage.

Thus, surface runoff is more

common than in other portions of the quadrangle where karst
conditions are prevalent.
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Associated Units - There is no genetic relationship between
the Lebanon soil and the underlying residual materials.

The

Lebanon soil, EX-11, as a strongly developed modern soil
formed from a loess remnant on an upland landscape, covers a
variety of surficial materials elsewhere in Missouri.

The

relationship of units FX-65/LL-13 with other surficial mate
rial deposits has been described previously.

Engineering Geology Implications - A surface deposit having
a clayey subsoil essentially places an umbrella over the
underlying materials.

Thus, hazards such as collapse will

not occur unless an excavation has extensively breached the
surface or an unusually large cave system has developed in
the shallow subsurface.
The discharge of pollutants can take place with hazards
limited only to surface water.
structed easily.

Sewage lagoons can be con

However, solid waste disposal sites, ponds,

or lakes which include deep excavations, may expose under
lying units FX-65/LL-13.

Problems related to these have

been discussed.

3.

Sandstone Residual Deposits

SUMAC units RK-34, RR-37, and RB-99
(Sandstone and related surficial materials)

283

General Description - A north to northwest trending linear
deposit of Pennsylvanian sandstone is present in the central
and north-central portion of the quadrangle.

The northwest

aligned Battlefield Fault appears to have exerted some con
trol in the location of this channel-like sandstone.
Surficial material is thin, 3 to 4 feet thick, and
mixed with cobble size sandstone fragments.

Except for iso

lated occurrences of silicified sandstone boulders, unit
RB-99, the underlying sandstone is thin-bedded and readily
disintegrates into fragments.
The residual sandy soil is a well-graded mixture of
clay, silt, and sand mixed with sandstone fragments in the
subsoil and is classified as RK-34.

The yellow-brown, 7.5YR

3/6, sandy clay, locally, becomes very sandy.

However, suf

ficient clay exists to give considerable plasticity, except
in a few localities.

One deposit of sand adequate in size

to be mapped occurs in SW%, NW%, NW%, Sec. 21, T.29N., R.23W.
Here, loose silty sand with a minor clay fraction, eroded
from adjoining slopes, covers several acres to depths of 10
or 15 feet.

The SUMAC designation for this material is

RR-37.
In several localities, silicified boulders of sandstone
protrude as small hilltops above the surrounding terrain.

284

No soil cover exists on these boulders.
masked by tree groves.

Usually, they are

These areas are mapped as RB-99 to

indicate barren sandstone boulders.

Associated Units - Residual limestone deposits, especially
units FX-65/LL-13, are most likely to occur adjacent to the
sandstone-related surficial materials.
relationship.

There is no genetic

Only the partially fault-controlled channel-

fill of Pennsylvanian age sandstone influences the location
of sandstone residual surficial material.

Engineering Geology Implications - The thin soil cover
imposes moderate to severe restrictions on most engineering
projects.

Shallow foundations could be constructed with few

hinderances.

Settlement problems of most foundations would

be slight because of the well-drained sandy subsoil and
underlying bedrock.
Sufficient clay usually is present in the subsoil for
natural sealant in shallow excavated sewage lagoons.

Deeper

excavations, as for ponds, would result in severe leakage.
Solid waste sites should not be considered where units RK-34,
RR-37, and RB-99 are mapped.
The most severe problems exist in those isolated sites
of protruding sandstone boulders.

Other than providing

attractive terrain for parks, as in the vicinity of home
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sites, there is little else that can be considered for these
areas.

4.

Colluvial Deposits

SUMAC unit VX-44/LL
(Angular gravel with matrix of silty clay)
General Description - Some steeper slopes in the Brookline
Quadrangle are covered by a thin, poorly sorted mixture of
angular chert fragments, gravel size and larger, in a silty
clay matrix.

Parent materials for VX-44/LL include SUMAC

units FX-65 and LL-13.

The colluvial deposit of VX-44 is

present on slopes of sufficient steepness to have caused
downslope soil creep.

This downslope movement of the uncon

solidated parent materials, FX-65 and LL-13, has destroyed
the lateral continuity of the lag gravel deposit, unit FX-65,
and the relict bedrock structure of unit LL-13.
Deposits of VX-44 are common in the western portion of
the quadrangle where bedrock outcrops are persistent along
valley slopes.

Associated Units - The deposits of SUMAC unit VX-44/LL are a
slope modification of SUMAC units FX-65/LL-13 and LL-13 that
occur on relatively flat uplands.

The boundary between the

residual upland and the colluvial slope deposits is
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transitional and not uniform.

Thus, considerable specula

tion is involved in mapping the contact location between the
upland and slope deposits where exposures, such as road cuts,
are lacking.

Lithology and Thickness - The matrix of the clayey gravel
deposit, VX-44/LL, is a plastic, yellow-brown to red silty
clay mixed with minor amounts of sand.

There is sufficient

silty clay to bond the gravel into a firm and relatively
dense surficial material.
Bedrock outcrops are common.
able, but seldom exceeds 8 feet.

Soil thickness is vari
More common thicknesses

are 4 to 6 feet.

Engineering Geology Implications - There are few locations
where VX-44/LL could be considered for lake sites because of
problems associated with the underlying cavernous limestone.
Many small ponds, however, are successful unless the gravel
content is excessive.

With the destruction of the blocky,

angular clay structure of the residual red clay, LL-13, by
slope movement, water retention possibilities are improved
in the surficial material.

The poorly sorted mixture of

clay to gravel size material would assist in compaction of
fill, as in an earthen dam.
SUMAC unit VX-44/LL does not occur in terrain that
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would facilitate construction of liquid or solid waste
facilities.

The relatively thin soil cover and moderately

steep slopes would be severe limitation factors.

Excava

tions would encounter limestone bedrock at shallow depths.

SUMAC units VX-24/VX-44/LL
(Colluvial deposits of clayey silt in broad,
shallow swales and sinkholes. Gravelly and
cobbly zones occur in lower portions of the
deposits.)
General Description - The widespread occurrence of broad,
poorly drained, shallow swales, coalescing sinkholes, and
isolated sinkholes, has resulted in extensive deposits of
colluvium (Fig. 3, Appendix E ) .

In a region of karst

development and permeable soils, surface runoff is limited
to periods of intense rainfall.

Most sediment is trans

ported downslope by gravity and sheetwash or remains as insitu deposits in sinkholes or swales.
occurs.

Little to no sorting

The deposit usually is a clayey silt underlain by

gravel in a silty clay matrix.

Limestone is the underlying

bedrock.
Birkeland (1974) describes the partly sedimentologic
and partly pedogenic processes of soil development in collu
vium.

These processes, no doubt, contribute to the clay

enrichment and profile development of the modern soil in the
broad, shallow sinkholes and some swales.

As pointed out by

Birkeland, cumulative profiles may contain more clay at a
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Figure E.3.

Cave formed at contact of SUMAC units VX-24/LL-13
where colluvial deposits have filled a preexisting
sinkhole. The red clay residual from the underlying
limestone has a concentration of chert layers as
remnants of bedding preserved from the parent bedrock,
Brookline Quadrangle, Missouri.
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greater depth than adjacent noncumulative profiles.
Although the cumulative soils in the Brookline Quadrangle
have less clay than adjacent noncumulative soils, contrary
to Birkeland's statement, the effects of transport and soil
profile development associated with cumulative soil profiles
have contributed to favorable conditions for shallow water
impoundments in the Brookline Quadrangle.

The adjacent non

cumulative soils, although clay-rich, have higher natural
permeability than most clay soils.

Location - SUMAC units VX-24/VX-44/LL are the most extensive
of several colluvial deposits in this quadrangle.

They are

found primarily where sediment accumulation is relatively
thick.

This is generally in broad shallow sinkholes having

relief of only a few feet to perhaps 25 feet.

Slopes are

gentle, ranging from less than YL to seldom more than 87,.
Similar conditions exist in the swales or valleys with
relatively flat gradients where runoff is insufficient to
develop a persistent stream channel.

Thickness - Deposits of units VX-24/VX-44/LL are thick.
Limestone outcrops are essentially absent, although pin
nacles are an obviously persistent subsurface feature in
this type of karst terrain.
or greater.

Thicknesses usually are 30 feet

Locally, thickness may reach 60 feet.
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Lithology - With the close relationship of units VX-24/VX-44/
LL to their parent material, the physical make up varies
with the location of the deposit.

Normally, these surficial

materials are derived from silt-rich gravelly surface soils.
However, clayey material, together with finer-sized stone
fragments, gradually accumulate along with the silt as collu
vial deposits in many sinkholes and valleys.

Angular chert

fragments in a silty clay matrix, gravel to cobble in size,
VX-44, usually are present in the basal portion of this
sequence of surficial materials, particularly where the
solution-formed sinkhole has rugged relief on the bedrock
surface.

The gravelly deposits represent a solution concen

tration of surficial material.

Thus, a poorly sorted mix

ture of clay and silt with some coarser material, as indica
ted by the "24" and "44" classifications, gradually accumu
lates .
Natural densities of SUMAC units VX-24/VX-44/LL are
relatively high, 95 to 100 lbs. cu/ft.

Normally, there is

sufficient clay to rank the material as CL in the Unified
System.

However, the variability of the material results in

some silt-rich accumulations having low plasticity (ML).
The material usually has a granular to a subangular
blocky structure, depending on location and texture.
face soils are friable, but become more firm at depth.

Sur
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Colors may vary somewhat, but usually are 5YR 2.5/2, a dark
reddish brown.

Associated Units - As previously mentioned, the most common
associated units are FX-65/LL-13.

A related associated

sequence of units include AX-24/AX-4 4 /LL, an alluvial deposit
that occurs in downstream valleys, many of which have
seasonal water loss.

Engineering Geology Implications - Obviously, any deposit in
a sinkhole or a swale developed in a karst setting has few
properties attractive to building construction or urbaniza
tion.

One peculiar exception, however, is the fact that

shallow impoundments in these areas are less subject to
leakage than are those in residual deposits on higher
adjoining slopes.

The slope movement and mixing of residual

materials in the sinks and swales has destroyed the proper
ties which cause high permeability or development of larger
voids in the subsurface.

Also, for these reasons, catas

trophic collapse is less apt to occur in areas mapped as
VX-24/VX-44/LL.
Otherwise, most engineering geology properties are
obvious from the sinkhole-swale setting.

If large volumes

of waste are discharged onto this unit, it will become
saturated and leakage will occur into the subsurface.

Deep
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excavations, 10 feet or more deep, probably will encounter
material ranging from permeable gravel to soft wet deposits
of silt.

SUMAC unit VX-24/LL
(Thin silt and clayey silt soil in a slope setting
resting on limestone)
General Description - This deposit is limited to those areas
where limestone outcrops are extensive and soil cover is a
veneer of silt and clayey silt.

It is usually found on

lower slopes, but not necessarily excessively steep slopes.
Slope gradients range from 5 to 8%, locally up to 15%.
This unit develops on actively eroding surfaces.

Solu

tion-formed deposits of residual clay or gravelly clay do
not occur in this setting.

Occurrences of SUMAC unit VX-24/

LL are not related to terrace levels nor concordant land
surfaces.

Although limestone pinnacling is absent, some

cave development in the limestone still exists.
The deposit is generally a clayey silt underlain by
limestone.

The source for unit VX-24 is from adjoining

slopes having stony soils with an admixture of silt and
clay.

The thickness of unit VX-24/LL ranges from nothing

to 3 feet.

Associated Units - SUMAC unit VX-24/LL usually occurs downslope from units FX-65/LL-13.

It, also, can be found
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adjacent to unit VX-44/LL.

Engineering Geology Implications - Projects that require
excavation will be hindered by bedrock.

Conversely, if firm

foundations are desired, this unit would provide an ideal
setting.
Waste disposal could hardly be accomplished where unit
VX-24/LL exists.

Water impoundments, either sewage lagoons

or lakes, would have serious leakage problems.

Obviously,

the inadequacy of dirt would hinder most lake developments.

SUMAC unit VX-24/LL(T)
(Colluvial clayey silt resting on strath terrace
in limestone)
General Description - Other than the location and mode of
development, this unit is physically like unit VX-24/LL.
The notation of "T" indicates the terrace setting of unit
VX-24/LL(T).

These terraces occur as strath terraces cut

into limestone on Wilson Creek, although a few exist on
Spring Creek.

They are not well-defined, nor persistent.

The clayey silt surficial material shows little ev i 
dence of sorting or stratification.

It is little different

physically from the thin clayey silt surficial material
underlain by limestone and described above as VX-24/LL.

One

minor, but notable, exception is that unit VX-24/LL(T)} with
an average thickness of 5 feet, is thicker than unit
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VX-24/LL.

Also, locally, there has been some development of

residual red clay, LL-13, where unit VX-24/LL(T) occurs.
The location of unit VX-24/LL(T)

is commonly on gain

ing streams or at least where seasonal flow persists.

Thus,

alluvial deposits, such as units AX-24/AX-44/LL, can be
found adjacent to unit VX-24/LL(T).
Little could be added to engineering geology implica
tions, previously described for unit VX-24/LL.

However, the

location of this deposit as strath terraces within the reach
of occasional floodwaters poses additional hazards in that
aspect.

5.

Alluvial Deposits

SUMAC units A X - 24/AX-44/LL
(Fine-textured alluvium of clayey silt overlying
angular gravel in a clay, silt, and sand matrix.
Limestone forms the underlying bedrock.)
General Description - Deposits of AX-24/AX-44/LL occur where
streams are gaining or at least have flow in seasonally wet
periods.

Karst development is present in some valleys and

watersheds, but does not totally control stream flows and
sediment characteristics.

Representative valleys having

some karstic effects include Wilson Creek and Pond Creek,
both eroded into limestone.

Wilson Creek would not have

sustained flow upstream of Rader Spring, NW%, SE%, SE%, NW%,
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Sec. 18, T.28N., R.22W., if it were not for effluent from
the Springfield Southwest Treatment Plant.

Valleys with

sustained flow and not strongly affected by karst are
Sac River and its major tributaries.

Associated Units - The hydrology of a stream valley and
watershed in soluble bedrock terrain has more effect on
the properties of alluvial deposits than are caused by
parent materials or indicated by associated units.

For

example, colluvial deposits, VX-24/VX-44/LL, although
associated with SUMAC units AX-24/AX-44/LL, form the surfi
cial materials in tributary valleys of karst affected water
sheds.

In contrast, SUMAC units AX-24/AX-12/LL, also

associated with SUMAC units AX-24/AX-44/LL, are present in
gaining streams.

Parent materials or underlying bedrock are

generally the same for these different SUMAC units in the
Brookline Quadrangle.

Lithology and Thickness - The surface soil, a clayey silt,
has a fine, subangular, blocky structure and a dark reddish
brown, 5YR 3/2, color.
The subsoil of angular gravel normally has a matrix of
clay, silt, and sand.

However, zones of loose gravel

deposits are numerous as inclusions.

Except for mottles,

the fine-textured matrix generally shows little color change
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from the overlying clayey silt.
In some locations where bedrock is at shallow depths,
the clayey silt surface soils rest directly on the under
lying limestone.

Normally, however, the total sequence of

alluvial deposits ranges from 8 to 12 feet in thickness.
Because the underlying bedrock is pinnacled, abrupt varia
tions in thickness from 2 or 3 feet to 15 or 18 feet are
common.

Engineering Geology Implications - Projects where shallow
impoundments, such as sewage lagoons, are involved, should
have few construction limitations.

Artificial sealants will

be needed in the more silt-rich areas.

Of course, the flood

hazard potential is serious with yearly flash floods common.
Other than aerobic sewage lagoons, there are no other waste
disposal procedures feasible where SUMAC units AX-24/AX-44/
LL exist.
Excavations to depths exceeding 4 or 5 feet will meet
with numerous problems.
gravelly zones.

Leakage problems will increase in

Bedrock pinnacles can intefere.

Hydraulic

pressures generated during high water conditions may flood
the interior of the excavation.
Except for Sac River and its major tributaries,

it is

doubtful that large impoundments would be considered on
streams where these surficial material deposits exist.

The
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quality of the material would be adequate for construction
purposes, but severe water loss problems exist in the lime
stone bedrock.

For such large impoundments, however, grout

ing could be a more successful venture than for similar
impoundments located in the Uplands, for example, where
units FX-65/LL-13 are widespread.

SUMAC units AX-24/AX-11/LL
(Clayey silt underlain by plastic clay deposits
in gaining stream valleys underlain by lime
stone bedrock)
General Description - Fine-textured alluvial deposits with
highly plastic clayey subsoils are common in valleys with
sustained flow and springs.

Minor tributaries, SW%, Sec. 14,

T.28N., R.23W., have sediment and conditions of this type.

Thickness and Lithology - Silt-rich surface soil, much
darker in color than usual, 2.5YR 2.5/0, is underlain by
plastic clay having a dark reddish brown color, 5YR 2.5/2.
Some gravel is present, but it appears to be limited.

Most

gravel-cobble concentrations are in the lower portion of the
deposit near the bedrock contact, and where the hydrogeologic conditions of the valley change to a losing stream.
Thickness estimates are variable since solution-affected
limestone underlies the valleys.

Minimum depths to bedrock

are estimated to be 5 feet with an average of 8 to 10 feet.
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Engineering Geology Implications - This sequence of alluvial
materials offers one of the most favorable locations for
liquid waste disposal sites in the quadrangle.
are excellent for natural sealants.

The subsoils

Sustained stream flows

will aid effluent dilution and reduce groundwater pollution
hazards.

Unfortunately, the limited extent of the deposit

precludes it from most development considerations.
Soil drainage will be hindered by the clay-rich sub
soils.
tion.

The dark surface soils are indicative of this situa
Except for these associated wetness problems, excava

tions should have few difficulties.

Excavation depths below

stream channel gradient levels should be expected to have
seep water inflow.
As in any stream valley setting, flooding is a threat.
Perhaps, it would occur as less of a surprise, however, than
if the location were on a losing valley with no sustained
surface water flow.

SUMAC units AX-24/AX-12/LL
(Clayey silt underlain by silty clay deposited
on limestone)
General Description - Except for the lesser amounts of
coarse elastics, this sequence of alluvial deposits is
similar with SUMAC units AX-24/AX-44/LL.

However, the set

ting is somewhat different because the sequence of SUMAC
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units AX-24/AX-12/LL occur on small tributaries.

These

materials are limited to the northwestern portion of the
quadrangle mainly on tributaries to the Sac River.

Thickness and Lithology - The surficial materials consist
of clayey silt and silty clay mixed with some angular gravel
and cobbles derived from adjoining slopes.

Thus, SUMAC

units AX-24/AX-12/LL are colluvial, as well as alluvial in
origin.

The geomorphic features of the stream valleys, sub

soil characteristics, and the absence of local karst condi
tions, indicate that alluvial processes of a gaining stream
predominate over local losing conditions.
Thickness of the alluvial deposits is variable over
pinnacled bedrock.

Minimum thicknesses are at least 5 to

6 feet; an average thickness estimate is 10 feet.

Associated Units - Two common associates are the alluvial
deposits in adjoining larger tributaries, surficial material
units AX-24/AX-44/LL, as previously described, and colluvium,
VX-24/VX-44/LL.

Engineering Geology Implications - Few projects are likely
in this setting, primarily because of the small valley con
figuration.

Shallow ponds and aerobic lagoons are feasible,

although the irregularity of the limestone bedrock profile
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may hinder such construction.

Flash flooding, although

obviously minor when compared to larger valleys, would
seriously affect all types of waste disposal sites.

SUMAC units AX-27/AX-65/LL
(Silt underlain by poorly sorted angular cobbles
resting on limestone.
Deposits more common in
small steep valleys.)
General Description - These deposits are limited in extent
occurring mostly in the extreme west-central portion of the
quadrangle.

They consist of silt-rich surface soil under

lain by poorly sorted coarse elastics, mostly angular
cobbles of chert derived from the Burlington limestone.

If

it were not for the obvious stream channel development and
alluvial surface features, these sediments would be more
typical of coarse colluvial accumulations in losing valleys.

Lithology and Thickness - Silt surface soil mixed with some
coarser materials overlies a jumble of chert fragments, up
to boulder in size.

Most of the sediments are in the cobble

class, but there is little sorting.

Little to no fine-

textured material occurs as matrix in the cobble portion of
the alluvium.
Thickness depends on the irregularity of the solutionaffected limestone.

General ranges are from 8 to 20 feet.

Associated Units - The most commonly associated surficial
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material is the thick residual soil deposit developed on
limestone, SUMAC units FX-65/LL-13.

Some colluvial deposits,

VX-24/VX-44/LL, also, are associated.

Engineering Geology Implications - Most projects would be
affected by the lack of fines in the gravel-cobble-boulder
alluvium.

However, shallow excavations, as for sewage

lagoons, would have only slight limitations in the larger
valleys.

Artificial sealants would be needed in most sites.

Effluent discharge could pose a problem since the receiving
streams may be partially losing.
Deeper excavations could have severe problems.

Leakage

hazards, such as from solid wastes in deep trenches, would
be serious.

Foundations not affected by leakage, absence of

fines, or coarse elastics, should not have serious problems.
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APPENDIX F

THE CAPE GIRARDEAU QUADRANGLE - SALEM PLATEAU,
OZARK PLATEAUS PROVINCE, AND THE MISSISSIPPI ALLUVIAL PLAIN,
COASTAL PLAIN PROVINCE, CAPE GIRARDEAU, MISSOURI

1.

Location and Physical Setting

Although the Cape Girardeau Quadrangle encompasses
two physiographic provinces, its surficial materials have
considerable uniformity.

The departures from uniformity

are mainly the result of topographic influences and mode
of origin.

Although there are two modes of origin, alluvial

and eolian, the predominant soil texture is a clayey silt.
Important variations include clay enrichment of thin resi
dual soil deposits, and some thick accumulations of very
stony surficial material derived from a cherty limestone.
Deposits of rounded gravels also occur, locally 20 feet or
more in thickness, but regionally as a thin deposit associ
ated with a palesol.

All of these variations are minor

when set against the predominance of a clayey silt surficial
material which covers the bedrock over most of the quad
rangle .
Data on surficial materials were taken from informa
tion compiled by Hoffman, Wagner, and Williams (1974) for an
engineering geology study on the Cape Girardeau Quadrangle.
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The study was a cooperative project between the Missouri
Geological Survey and U.S. Department of Interior, as a
part of the RALI (Resource and Land Inventory) program.
Topographically, the Cape Girardeau area is one of
contrast between rolling hills of the Ozark Plateaus
Province and the floodplain of the Mississippi Alluvial
Plain.

The well-defined boundary of the two provinces has

an easterly and northerly trend across the southern and
eastern extremity of the quadrangle.
Structurally, the Cape Girardeau setting is one of
extreme geologic complexity.

Intense faulting has occurred

over all the area except the southwestern portion.

The

region is seismically active and listed as Zone 3 on seis
mic risk maps of the United States (Oliver, 1969).

Although

there is evidence of fault movement in some of the surficial
material deposits, no faults are known to be active at
present.
The Cape Girardeau Quadrangle is bounded by 37° 15* 00"
and 37° 22* 30" north latitudes and 89° 30' 00" and 89°
37' 30" west longitude.

The area mapped in the quadrangle

is bounded by the Mississippi River on the east.

The quad

rangle is drained by southeasterly flowing streams.
two major valleys are Ramsey Branch and Cape LaCroix.

The
All

streams and their tributaries are gaining even though there
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is some karst development in the southwestern portion of
the quadrangle.

Buried karst is expected to exist across

much of the southern fringe of the Uplands.
Bedrock is predominately carbonate ranging from Middle
Ordovician, upwards through Silurian and Devonian aged
formations (Satterfield, 1974).

Except for areas of fault

ing where relatively thick deposits of claystone and poorly
consolidated sand assigned to the Holly Springs (Tertiary)
occur (Fig. 1, Appendix F ) , no bedrock younger than the
Bailey, Devonian in age, is known to exist in the quad
rangle .
There are five distinctively different bedrock
lithologies which could have an influence on the texture,
weathering characteristics, and physical properties of the
overlying surficial materials.

These lithologies are dolo

mite, limestone, shale, sandstone, and chert.

The bedrock

of the southwestern portion of the quadrangle is predomi
nately dolomite.

It is bounded on the east and northeast

by limestone formations.

The central and northern portions

of the quadrangle, where intense faulting has occurred, has
a complex mixture of limestone, shale, sandstone, and chert
lithologies.

However, only shaley limestone and chert have

a parent material influence on the characteristics of the
surficial material in the Cape Girardeau Quadrangle.

Over
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Figure F.l.

Poorly consolidated sand and gravel deposits of
the Holly Springs Formation, Eocene, showing
evidence of fault movement, Cape Girardeau
Quadrangle, Missouri.
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the remaining area of the quadrangle, most of the deposits
are eolian or alluvial.
A thin veneer of residual soil is associated with some
of the carbonate and shale formations.

Locally, because of

bedrock pinnacling and solutioning in the karst areas, 5 to
perhaps 10 feet of residual material have been recorded in
borings.

However, only a soil developed on the Moccasin

Springs, a shale formation of Silurian age, has sufficient
extent to warrant mapping as a surficial material unit.
Exposures of this thin residual soil, 1 to 3 feet in thick
ness, are due in part to the more rugged topography where
the Moccasin Springs Formation is present (Fig. 2, Appendix
F).

Elsewhere in the quadrangle, where residual soils tend

to be associated with carbonate bedrock, the less rugged
topography limits the opportunity to observe residual
deposits.

2.

Application of the SUMAC System

The relationship of surficial materials to the under
lying bedrock is shown on the surficial materials map
(Plate 4) only where the surficial material is 20 feet or
less in thickness.

While the choice of a 20-foot limit

is somewhat arbitrary, it does have some significance in
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Figure F.2.

Sampling tube driven into a residual soil derived
from limestone, Cape Girardeau Quadrangle, Missouri.
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that many projects possibly affected by surficial materials
usually involve excavations less than 20 feet deep.

In

other areas it might well be appropriate to choose different
thicknesses depending on the setting and the purpose of the
study.

From the aspect of surficial material classifica

tion, the choice can range from extreme simplicity of show
ing no bedrock relationships, to extreme complexity where
all bedrock lithologies are included.

Usually some compro

mise between these extremes should be considered depending
on the area and the purpose of the map.

3.

Description of Surficial Materials

a.

Alluvial Deposits

(1)

Thickness Greater Than 20 Feet
Alluvial deposits having thickness greater than 20

feet occur on the Mississippi River floodplain and in the
lower portion of Ramsey Branch and Cape LaCroix Creek.
the most part, these deposits are fine-textured.

For

Silt and

sandy silt predominate, especially along the Mississippi
River floodplain adjoining the rolling Uplands.
Locally, clay-rich deposits occur in the floodplain.
The clay is highly plastic, dark gray, and relatively imper
meable.
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The silt-rich deposits range from light gray to dark
brown.

Less than 207> of the material is clay.

Sand, in

excess of 20 feet in thickness, is present in the downstream
portion of Cape LaCroix Creek, including the abandoned por
tion of the channel that trends south-southwest from the
mouth of Ramsey Creek.

The deposits of sand are loose and

friable, and colors include various shades of yellowishbrown .

(2)

Thickness 5 to 20 Feet, Including Terrace Deposits
Most of the alluvial deposits in the Cape Girardeau

Quadrangle are included in this thickness range.

Although

these deposits occur over a variety of bedrock lithologies,
the physical properties of the alluvium are similar.

They

generally consist of silt underlain by silty and sandy clay.
There is little evidence of mixing with coarser materials,
sand or gravel.

Rather the deposits appear to be more of a

valley fill of loess modified to some extent by colluvialalluvial processes.

These silt-filled valleys are a classic

example of aggradation.

What terraces exist appear to be

those cut by subsequent stream erosion which is gradually
cleaning silt deposits from the valleys.

Consequently, the

terraces are strath, rather than of a depositional nature.
Further evidence of the probability that the valleys were
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filled with a greater soil thickness than presently exists,
is indicated by preconsolidation tests conducted by Hoffman
(pers. comm., 1974).

Test results of a sample taken from

a depth of 4 feet indicated the effects of loading by 30
feet of sediment.

This loading could have been in part by

ice since the sample was taken from material resembling
glacial till.

However, loading by colluvial-alluvial sedi

ments now eroded from the valley, also, could have consoli
dated the sandy clay.
In addition to the uniformity of sediment texture in
the valleys, there is little variation in color.

Brown

predominates with a typical color being a strong brown,
7.5YR 5/6, although some areas have a stronger yellow hue.
Many flattened portions of lower slopes adjoining the
floodplains could be interpreted as terraces.

However,

there is a lack of continuity in gradient and position to
firmly convince one of terrace origin.

Johnson (1944)

warned of overly enthusiastic mapping of terraces where
river wash or slope wash deposits mask most of the identify
ing features.

For these reasons, many of the more gentle,

and at times almost flat, features that might be inferred
to be terrace remnants, are not shown on the surficial
materials map (Plate 4).
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b.

Modified Loess, Uplands
The material described as modified loess on the surfi

cial materials map covers most of the quadrangle.

The loess

is clay-rich with 20 to 30% clay, 65 to 70% silt, and 5 to
87o sand.

Engineering properties indicate that it would be

classified as ML in the Unified Classification System.

The

permeability is less than that classification would imply.
A plastic clay residual soil is mapped with the
deposits of upland, modified loess in portions of the
eastern part of the quadrangle.

Isolated occurrences of

residual surficial material are known to exist elsewhere,
but were considered to have insufficient areal extent to
warrant mapping.
Two sequences of loess deposits are present on the
Uplands.

The upper loess is somewhat more yellow (10YR),

whereas darker colors with more brown (7.5YR) predominate
in the underlying loess.

Locally, more clay-rich sedi

ments occur in the lower loess and somewhat redder colors
(5YR) are present.

These may be related to the development

of a Sangamon age profile.

The lateral continuity or iden

tification of this suspected paleosol has not been con
firmed.

c.

Colluvial Deposits, Slopes
Essentially, two areas of colluvial deposits exist, one
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in a karst setting, the other at the Ozark Plateaus
Province-Mississippi Alluvial Plain contact.

The deposits

in both areas are predominately silt.
The thickest and most widespread covering of colluvial
material is in the karst areas.

Here, sinkholes are par

tially to completely filled with sediment washed in from
adjoining upland slopes.

The sediment source, modified

loess, has been described previously.
There is a lesser percentage of clay in the colluvium
than the modified loess parent material source.

The colors

tend to be slightly more drab than the more brightly colored
yellow and brown soils on the hillslopes.
Colluvial deposits on the lower slopes adjoining the
Mississippi Alluvial Plain are a mixture of clay, silt, and
sand with a predominance of silt.

Physical properties are

similar to the colluvial deposits in the karst areas,
except the thicker sediments over the karstic bedrock are
more poorly drained.
Perhaps the most strikingly different deposit of surfi
cial materials in the Cape Girardeau area is associated
with the Bailey Formation, formerly a chert-limestone
sequence having 50% or more chert in the parent bedrock.
This formation has been extensively weathered and the pre
sent product consists of angular chert fragments generally
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gravel in size.
deposit.

Silt partially fills the voids in the

The surface soil varies from a silt only a few

inches in thickness to as much as 5 feet, especially on
slopes.

S U R F IC IA L

M A TE R IA LS

M AP O F T H E

fjpSSSL
“S sz:■" — ™ '
=£=■
ip SS3?i ?1

agga*

^ ~
^ *.„™
«ai
®sirr

RO LLA

Q U ADRAN GLE, P H ELP 8

as s s ”

it
Bsssss.

S ssa.
tp H w
IS

sS s k s *

g : S

tsm

^

C O U N T Y . M I8 8 O U R I

ST5i!SJS,“"d

^ isttassassf

-

gj55fS5*5S5SSS"

Si&S'VSSSSSffi!"

H j!l j*,-*,*"*"*

m “S “*

ipSSS.
iP S53
S -SSL
fpSSS.

“ess'Wt~-lr
sps."~

^ aa&sri,r

BO-43 ntfSlrti^dd^te

PLATE I

S U R F IC IA L M A T E R IA LS

ssf-

MAP

OF

TH E

CUBA

Q U A D R A N G LE. CRAW FO RD

C O U N T Y . M IS S O U R I

PLATE

2

S U R F I C I A L M A T E R IA L 8 M AP O F T H E

B R O O K L IN E

Q U ADRAN GLE. G R EEN E

W ^ g fw T f,

m

m

w

m

m

C O U N T Y . M I8 8 O U R I

s

• r;
r£> ,;!’<dk-i/H^sr

M ./f^Yk

f '
V Sr'1*■^S/..?L/. ('v£2i//^ £

■}p* .

?•:■
"
's1
5

S sS k 2£SS£»sm =|I.
=5=S1

cobbJet andboulderioverliepinnacledlimeitone.

^ SS~r«t

'■■
^IV

>3

'.]
cA •• 'v-f
^'Y)V

PLATE 3

Y 77^>Y

S U R F IC IA L M A TER IA LS MAP O F T H E C A P E G IR A R D E A U

QU ADRANGLE. CAPE

G IR A R D E A U

C O U N T Y . M I8 8 O U R I

PLA TE 4

